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INTRODUCTION. 


The origin of the investigation of the preparation of frozen and dried eggs has been 
set forth in Circular 98 ? of the Bureau of Chemistry. The need, from an economic 
viewpoint as well as that of wholesomeness, for the conservation of certain eggs out 
of their shells is also discussed in the circular cited. In the pursuance of the plan of 
work therein outlined, a study has been made of the various types of eggs going to 
the egg-breaking establishments in the egg-producing section. The results of this 
part of the investigation are given in Bulletin 51 of the Department of Agriculture. 

The next step in logical sequence would be a study of the conditions prevailing 
in egg-breaking houses and the quality of the product sent into commerce. In the 
preliminary survey of the problem, as given in Circular 98, and the general observa- 
tions made to determine methods of procedure and points of attack, a policy of co- 
operative work with the industry was outlined. These tentative plans were ulti- 
mately followed, and the information gained by uniting the observation and experi- 
mentation in the packing house with the analytical data of the laboratory is collected 
in the present publication. 

The body of the bulletin gives a general statement of the work done and the find- 
ings which should be of interest to the general egg industry, but more particularly 
to manufacturers of frozen and dried products and bakers who use these products. 
In the appendix are given details of the investigation of use to those who have the 
actual management of egg-breaking plants and to chemists and bacteriologists en- 
gaged in food investigations. 


1 The assistance of J. M. Johnson and H. W. Houghton in the making of the chemical analyses during 
the active season of 1911 is hereby acknowledged. 

2 Practical Suggestions for the Preparation of Frozen and Dried Eggs, M. E. Pennington, Food Research 
Laboratory, Bureau of Chemistry, U. 8, Department of Agriculture, 
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A part of the problem facing the investigators was the conservation of eggs in the 
form of a wholesome, good-quality foodstuff. Waste due to spoilage begins on the 
farm and increases with every step on the complicated road to the consumer. The 
sooner, therefore, eggs unsuited for marketing in the shell can be removed from the 
shell and rendered stable the more of them can be saved and the better, as a rule, 
will be the quality of the product. It 1s scarcely possible that a system of handling 
and distributing eggs ever will reach such perfection that the consuming centers will - 
fail to receive some eggs not marketable in the shell. Large centers will receive so 
many such that it is eminently desirable that those good for food purposes be saved. 
But, from the economic point of view, the industry should be primarily a producing- 
region industry, that the expense of deterioration, transportation, and handling in the 
market be saved. Oi first importance, therefore, is the study of breakage conditions 
in the producing country. . 

This report is based on observations made in establishments scattered between 
northwestern Iowa and central Kansas. The work began in the spring of 1911 and 
was maintained during the egg-breaking season; that is, until early September. It 
was continued, also, throughout the season of 1912 in the same territory. 

Through the cooperation of the industry it was possible to visit and become inti- 
mately acquainted with the routine methods of many establishments, although the 
experimental work could be carried on with comparatively few, because of the distance 
between the houses and the laboratory and the size of the force of investigators re- 
quired. During the season of 1911 five separate plants were studied in detail, and in 
1912 three were kept under observation. 

An effort was made to keep the various establishments cooperating in touch with 
the results obtained that improvement in the quality of the product might follow 
quickly upon the heels of knowledge gained. So promptly did the industry avail 
itself of these suggestions that the houses were constantly changing the material used, 
the apparatus, and the methods of work. There was, therefore, a continued tendency 
toward better environment and product, and each visit brought to light new phases 
to be studied rather than existing conditions to be confirmed by repeated observations. 
This rapid application of information tended to mar the scientific continuity of labora- 
tory results, but since the object of the work was better frozen and dried eggs for the 
people the progressive spirit of the cooperators was encouraged, not hindered. 

As the principles of cleanliness of apparatus, grading of eggs, discipline’of breakers, 
and other fundamentals of a product of standard quality were unfolded the scope of 
the work broadened to take in the new problems presented. The industry found it 
desirable to plan the construction of breaking rooms, wash rooms, candling and re- 
ceiving rooms, the application of mechanical refrigeration to the work in hand, etc., 
with the departmental investigators, that the principles of good handling might be 
fulfilled. Such activities opened a field of work in the study of sanitary surround- 
ings for the preparation of easily infected and readily perishable products. The con- 
struction of suitable quarters for such work, therefore, forms an important part of this 
report. 

it is highly desirable when investigating perishable commodities that they be traced 
from the point of origin to the point of consumption. To do this for frozen and dried 
eggs involves a study of the effect of long holding—since these products are almost 
invariably kept to tide over the season of egg scarcity—and their routine usage by the 
baker while in course of preparation for his products. It will be seen, therefore, that 
a distinct and important link in the history of the frozen or dried eggs going to the 
ultimate consumer must be sought outside of the packing house. Such a study in 
cooperation with the bakers is under way, and will be reported in due time. This 
report, however, deals with the industry in the packing houses of the West only. 


REVIEW OF THE EGG-BREAKING HOUSES AS SEEN IN 1911. 


The establishments discussed in the following pages were fair representatives of 
the best types of egg-breaking plants in existence in the Middle West. The manage- 
ment in every case was more than eager to prepare a good product and tried earnestly 
to use to advantage all the information then available. A survey of the field of work 
showed, however, that the principles of such cleanliness as is needed were not known 
in the industry. The equipment was not adapted to the work to be done, making for 
neither quality of product nor speed of operation. The rooms were so constructed 
that more than housewifely cleanliness was impossible, and that was attained only by 
an undue expenditure of time and labor. The grading by the breakers was in almost 
all cases a hit-or-miss operation; where a system of grading had been installed it was 
faulty because of a lack of knowledge of the character of the individual eggs. Sucha 
state of affairs gave a product irregular in quality, which was not only a detriment to 
the baker but often resulted in the waste of good eggs as well as a utilization of bad 
eggs. Back of the faulty grading in the breaking room there was a universal lack of 
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care in the candling room. Many bad eggs that should have been thrown aside by 
the candler were sent to the breaker, complicating her work, soiling the apparatus 
and, ultimately, finding their way, to a certain extent, to the food product, because 
her ideas of economy would not permit her to discard a large percentage of eggs, and 
therefore, unconsciously, she lowered her standard for food eggs. 

Grading eggs, either before the candle or out of the shell, requires close attention, 
yet there was almost unrestricted talking, laughing, or whistling in both candling and 
breaking rooms. It was not possible to check the work of the individual candlers or 
breakers, since identities were promptly lost. Such a condition made for carelessness, 
as a lack of responsibility always does. 

The speed of candling or breaking is a factor which must be considered from two 
viewpoints. If the workman soldiers or is unnecessarily slow, the cost of the work 
performed is unnecessarily high; on the other hand, if he works too rapidly he is 
sure to misgrade or do dirty work. It was, therefore, necessary to make a study of 
speed that both the quality of the product and the cost of production might be put on 
a more definite basis. 

The investigation at the close of the season of 1911 had resolved itself into the fol- 
lowing problems: (1) The construction of suitable rooms for the housing of the indus- 
try ek of suitable equipment to insure cleanliness; (2) the grading of the eggs by 
candlers and breakers; (3) the keeping of the product after preparation and its be- 
havior in the bakery; (4) the establishment of a system based on scientific observa- 
tions by which an employee should do a full day’s work that will result in a product 
of definite and uniform quality. The work of the season of 1912 endeavored to solve 
these questions. The story of the work along the lines indicated follows. 


PLAN FOR THE EXPERIMENTAL WORK OF 1912. 


The experiments and observations made in the six houses during the season of 
1911 showed that certain forms of construction and equipment and certain methods 
of operation are necessary for the preparation of clean, wholesome frozen and desic- 
cated eggs. In order to make practical application of this information, arrange- 
ments were made to work cooperatively with the management of three of the houses 
while remodeling their construction and equipment, making observations, and assist- 
ing in the organization of methods of operation. 

Since the laboratory studies during the season of 1911 represented the product 
prepared under old conditions, bacteriological and chemical samples were taken in 
D, E, and F houses which were under observation during 1912. The bacteriological 
and chemical examinations of the samples were made, as in 1911, in the Omaha 
Food and Drug Inspection Laboratory. The results of the laboratory studies were 
applied practically, when possible, to improve the quality of the commercial product 
and to learn which eggs should be conserved for food purposes and which should not. 


REMODELING OF CONSTRUCTION AND EQUIPMENT. 


The plans for remodeling the construction and the equipment of the three houses 
were founded on the following general principles: 

1. In order to prevent deterioration of eggs after receipt, the holding room, candling 
room, and breaking room should be insulated and refrigerated. A temperature of 30° 
F. to 32° F. should be maintained in the first, 50° F. to 55° F. in the second, and 60° 
F. to 65° F. in the third. The chilling of the candling and breaking rooms is to pre- 
vent the sweating of the eggs after they are removed from the chill room. Since the 
candlers and breakers spend the entire working day in the candling and breaking 
rooms, it is necessary that both be ventilated. The breaking room and wash room 
should be built with nonabsorbent walls and floor and should have an abundant sup- 
ply of natural light. The washroom should be separate from the breaking room and 
should have a floor sloping toward a drain. 

2. The most important piece of equipment in the candling room is the egg candle. 
It should be supplied with a strong, white light and with openings from three-fourths 
to one and one-fourth inches in diameter. 

3. The apparatus in the breaking room should be of metal, or of a material permit- 
ting of absolute cleanliness. The table should have metal legs and a nonabsorbent 
top, such as monel metal, zinc, galvanized iron, or glass. The breaking trays should 
be made of a metal which will not rust. The tray should be constructed with a 
removable breaking knife, with a support for the cups, so that they will not set in 
the drip collecting from the knife and so that they will not set directly under the 
knife. The cups should be transparent, not opaque. The egg mixers, preferably, 
should be surrounded with brine and so constructed that they will permit of steam 
sterilization for 20 minutes. 

4. The wash room should be supplied with hot and cold water and equipped with 
sinks and sterilizers. 
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ORGANIZATION OF METHODS OF OPERATION. 


The reorganization of the methods of operation included the work of the candling 
room, breaking room, and wash room. 

1. A plan was made to elaborate a system of overinspection in the candling room, 
to check the work of individual candlers, to recover good eggs thrown out in rejects, 
and to keep bad eggs which can be detected by the candle from being passed as good. 

2. The organization of the work in the breaking room included rules for the proper © 
manipulation of the egg during breaking, for methods of grading, for changing appa- 
ratus after breaking a bad egg, for behavior of breaker, and for cleaning the room and ~ 
its equipment. 

3. A routine was established in the wash room whereby the thorough washing and 
sterilization of all apparatus coming in contact with food egg wasinsured._ Particular 
attention was given to the arrangement of the equipment of the room to save time and 


labor. 
COORDINATION OF FIELD AND LABORATORY WORK. 


From 40 to 50 laboratory samples were taken each week of the various types of eggs 
occurring throughout the egg-breaking season and of the commercial product during 
the different stages of its preparation. In some cases large subsamples were taken 
for later study in bakeries. 

The routine bacteriological examination included the determination of the total 
number of organisms present, the total number of organisms producing gas in lactose 
bile, and, in some cases. the isolation and identification of members of the Bacillus 
coli group; the routine chemical analyses involved the determination of moisture and 
the amount of ammoniacal nitrogen by the Folin method. For further details of 
technic see pages 74 to 77 in U. 8. Department of Agriculture Bulletin 51. 

Regular visits of five to six days’ duration, beginning on April 22 and ending on 
September 17, 1912, were made on successive weeks to D, E, and F houses. The 
observations made in the packing house on the quality of the breaking stock, on the 
efficiency of the grading in the candling and breaking rooms, and on the sanitary 
precautions enforced in the breaking room and wash room were correlated from time 
to time with the laboratory data. This information was then utilized as a basis for 
new or continued work on succeeding visits to the three houses. 


PUBLICATION OF RESULTS OF THE INVESTIGATION. 


The data obtained from the compilation of the descriptions and laboratory findings 
of the samples prepared from the various types of eggs occurring throughout the egg- 
breaking season have been published in Bulletin 51 of the U. S. Department of 
Agriculture. Upon these data are based the principles of the grading of the eggs 
ue by the breakers and the determination of their fitness or unfitness for human 
food. 

The details of the practical application of the principles of construction and equip- 
ment, the observations in the packing house, the organization of candling room, 
breaking room, and wash room, and the laboratory findings in samples of the com- 
mercial product are correlated, discussed, and summarized in the following pages of 
this report. 

THe rests of the study of samples taken in the field and followed through the 
bakery, together with a detailed description of equipment, with illustrations, and a 
discussion of scientific management as applied to the preparation of canned eggs 
will be given in later publications. 


GENERAL STATEMENT OF THE INVESTIGATION AND THE RESULTS. 


The frozen-egg industry, hardly 15 years old, is permanent, because it has developed 
as the direct result of an economic need. Many eggs, such as cracked, small, dirty, 
shrunken, and slightly heated eggs, commercially termed seconds, reach the first 
concentrating center in a wholesome condition, but if shipped in the shell to a distant 
consuming center they would markedly decompose and be entirely unfit for food pur- 
poses. The new industry believed that cracked eggs and seconds could be conserved 
by freezing out of the shell, and the baker thereby supplied with wholesome eggs at a 
reasonable price during the whole year. 

As was to be expected, the new industry had to face many problems. The general 
public had its usual prejudice against any food coming from cold storage. The indus- 
try was ignorant of the general principles of bacterial cleanliness in the commercial 
preparation of a perishable foodstuff. Unprincipled persons, thinking they could 
conceal inferiority of low-grade eggs by freezing them en masse, brought the industry 
into disrepute. Food officials were groping in the dark in their efforts to protect the 
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ublic against decomposed eggs. These contending forces were fast making the 
investment of money in the preparation of frozen and dried eggs a hazardous business 
proposition. : 

It was at this time that the Department of Agriculture began its study of the problem. 
Science had not entered the door of the frozen-egg industry as it had done in allied 
enterprises—for example, dairying. The investigators had before them the task of 
laying the groundwork for the scientific preparation of an extremely perishable 
product. 


EVOLUTION IN CONSTRUCTION, EQUIPMENT, AND OPERATIONS. 


When this investigation was begun the breaking room in D house was the most 
modern, and that of E house the most old-fashioned. The former was the only one 
of five houses under observation in 1911 to have refrigeration in this department. In 
fact, to this house must be given the credit of being the first to build a model ege- 
breaking room. It was built entirely of concrete, and the walls were white enameled. 
The windows were insulated and always closed; therefore, they were fly and dust 
proof, a condition not found in unchilled rooms. Persons entering the model room 
were astonished at the whiteness and the abundance of light. In truth, the room had 
been patterned after a hospital operating room. The practical success of this experi- 
ment is shown by the fact that E house built a similar room, but with a capacity 
about five times as great, for the season of 1912. The ege-breaking room of E house 
before and after remodeling is shown in Plates IV, V, and VI. The appearance of 
the breaking room of D and F houses is shown in Plates VII and VIII, figure2. A 
freezer with brine-pipe shelves to hold the eggs during freezing is illustrated in 
Plate XIII, figure 1. . 

The equipment and the methods followed in the breaking room were for the most 
part crude. It was in this quarter that a large part of the efforts of the investigators 
was first centered. 

The device used for cracking and holding the eggs during grading was one of the 
first pieces of apparatus to be attacked. Laboratory studies showed that for the sake 
of cleanliness the edge on which the eggs were broken should be adjustable and should 
not be located directly over the cups into which the eggs were dropped; that these 
containers should be supported by a wire screen or other device to prevent their 
becoming soiled with drippings of egg; and, thirdly, that glass cups with a capacity 
of two to three eggs should be used to prevent waste and to facilitate grading. A 
discussion of these findings with the managements of D, E, and F houses resulted in 
each perfecting an egg-breaking outfit conforming to the above specifications. F 
house, however, used metal instead of glass cups. F house also developed a me- 
chanical method for the separation of white and yolk. These changes were begun in 
1911 and completed for the season of 1912. Illustrations of breaking outfits of the old 
type are shown in figures 5 and 7 and also in Plate IX, figure 2. The newly devised 
ege-breaking trays are shown in Plate IX, figure 3; Plate X, figures 1 and 2; and also 

re 6. 

The method of cleaning utensils was practically revolutionized as a result of the 
experiments of the investigators. The washing departments, except in D house, were 
generally located in 9, corner of the breaking room. The washing was done in a hit- 
and-miss fashion. Bacteriological tests showed that even though the utensils were 
apparently clean to the senses they were excellent seed beds for the bacterial con- 
tamination of the product (see Plate I, figures 1 and 2; Plate II, figure 1; and Plate 
III, figures 1,2,and 3). That this was the case was shown also by the fact that the 
bacteria in the product increased as it passed from one container to another in its 


routine handling in the breaking and drying room. Experiments showed that the 


only sure method of rendering the utensils bacterially clean was to steam them for 
15 to 20 minutes at a temperature of 210° to 212° F. The efficiency of this operation 
was proved by the fact that the product handled in sterilized utensils contained 
markedly fewer organisms, othr conditions being equal, than did that prepared 
in containers cleansed by the usual commercial method. 

Since these experiments showed that the thorough cleansing and sterilization of 
utensils afforded a direct means of lowering the numbers of bacteria in the product, 
and thereby enhancing its stability, the cooperating members of the industry did not 
require a second bidding to build sanitary well-equipped wash rooms outside of the 
breaking rooms. In fact, the new wash rooms of E and F houses in 1912 were models 
of efficiency (see Plates XI and XII). 

It was found, also, that the fingers of the breakers, especially after breaking 
“sweaty,” dirty, or bad eggs, were a fertile source of contamination. Actual contact 
of eggshell and fingers could not be eliminated, neither could a slight wetting of the 
tips of the thumbs and forefingers with egg be avoided. But both these objectionable 
practices could be reduced to a minimum by care and skill. Shell contamination was 
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lessened because the cool air of the chilled breaking rooms prevented the formation 
of water by condensation. D house and E house in 1912, because of adequate refrig- 
eration, were not troubled with wet-shelled eggs. As would be expected, dirty eggs 
through contact with the girls’ fingers furnished more bacteria to the product, other 
conditions being equal, than did clean eggs. It was also observed that the breaking 
of eggs with hands constantly wet with egg not only made the skin tender and often- 
times painfully sore, but also increased the number of bacteria in the product. This 
condition parallels that obnoxious practice in the dairy industry of milking with wet 
hands. The handling of the egg with the tips of the fingers, thereby preventing the 
rest of the hand from becoming wet, and the frequent drying of the ends of the 
fingers with tissue paper, not only made it possible for the girls to keep their hands 
in good condition, but also presented a practical means of lessening contamination. 
The bacteria furnished to the fingers by the outside of the egg were few compared 
with those derived from the contents of an infected egg, such as a sour egg or egg 
with a green white. Bacterial examination showed that the thorough washing and 
drying of hands after breaking a bad egg was the only means of avoiding this con- 
tamination. These findings are illustrated in Plate 1, figure 4; Plate II, figures 2 
and 3; and Plate III, figure 4. 

A very common practice was the use of rags, always unsightly, interchangeably for 
wiping utensils, hands, and the floor. The bacterial examination of water wrung from 
such cloths revealed hundreds of millions of organisms. These agents, instead of 
cleaning, spread the dirt. The improvement in the manipulation of the egg, the 
devising of an outfit suitable for breaking eggs, and the introduction of tissue paper 
and paper towels for drying hands, practically abolished the use of cloths except for 
cleaning the tables. These few cloths could readily be laundered, or sterilized, after 
each day’s work, so that they could be kept sweet and clean. These changes elimi- 
nated a number of the sources of contamination of the product and did much to im- 
prove the appearance of the breaking room as well. 

The introduction of pails in place of shipping cases to convey the eggs from the 
candling to the breaking rooms eliminated considerable dust and litter. ‘The devising 
of a tray for the holding of leaking eggs made it possible to carry them to the breaking 
room in a clean condition (see Plate VIII, figure 1; Plate IX, figure 1; and Plate 
XIII, figure 2.) 

As can readily be seen from this discussion, the laboratory findings practically 
revolutionized the apparatus used and the routine followed in the breaking room. 
Instead of the haphazard collection of odd pieces of china, glass, and tin, there were 
evolved machines accurately adapted to the work to be done; and the careless, incon- 
sequent methods of cracking and emptying the shells were replaced by a standardized, 
eee routine, making for both quality and efficiency. 


GRADING THE BREAKING STOCK BY CANDLING. 


The classes of eggs principally used for breaking were seconds, cracked, and dirty 
eggs. It is to be expected that eggs sold for breaking stock would contain a-higher 
percentage of loss than would eggs sold as current receipts, and such, by actual obser- 
vation, was found to be the case. Comparative data collected in D house showed, as 
illustrated in Table 1, that from eggs purchased especially for breaking 6.6 per cent 
of bad eggs were rejected in July and 10.6 per cent in August, whereas from its cur- 
rent receipts only 3.5 per cent were discarded in July and only 3.1 per cent in August. 


TaBLE 1.—Condensed candling reports of D house. 
I. CURRENT RECEIPTS. 


Total Firsts, seconds, 
Month. receipts. checks. Bail epes: : 
Dozen. Dozen. | Per cent.| Dozen. | Percent. 
UHC 2a tate. Soe eee ee eee ee eee 85,0832 | 83,730c 98. 4 1, 3534 1.6 
ADI ols 5 See, ts ee eae mee it ce Tete sar oe 53,10935| 51, 2658 96. 5 1, 84335 3.5 
PATI SUS Grae sein oo hiole Sas Sole a ae ome eT ee 72,0402 | 69,7814 96.9 2, 2594 3.1 
7 97) £7 Ms ar ea Pes hse eg “tsk 210, 133§ | 204, 7773 97.4 | 5, 45625 2.6 


II. EGGS SHIPPED TO D HOUSE FOR BREAKING PURPOSES. 
Month. | Total. | Seconds and checks, 


receipts. good eggs. Bad eggs. 
Dozen. Dozen. Per cent.| Dozen. | Per 4 
Sar byeee sete ee SEE RTA CER a ita AL DD Sale Sede 27,0244 | 25,230 93. 4 1, 7944 6.6 
ATIZUSE Jeb Sacre Se ee MOE fon. ere Vie! 27,9484 | 24,9533 89.3 2,9944 10.6 


Tei SAAN Maas a a SE US | 54,97275| 50,1832} 91.3 4, 788 | 8.7 
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In order to give farmers, hucksters, grocers, etc., an inducement to improve the 
quality of the eggs they sell, and in order to put the buying of eggs on the same basis 
as the buying of other commodities, all the cooperating houses after June 1 purchased 
all of their eggs on a quality basis. 

Instructions in the cooperating houses were to the effect that only eggs with whole 
yolks, excluding ‘“‘blood rings’’ and those having blood clots or mold, should be 

aded by the candle as fit for food purposes. In the spring, but more especially later 
in the season, it was observed that the grading of eggs by the candle as ordinarily 
practiced was far from accurate. Bad eggs were passed as good eggs, and vice 
versa. The correction of these errors to save food eggs and to prevent objectionable 
eggs going to the breaking room and there contaminating and spoiling good eggs was 
oF sufficient importance to warrant careful consideration by both the industry and 
the investigators. The detailed results of this investigation will be presented in 
another publication. The practical application of the findings may be summarized 
as follows: 

The keynote of accurate grading is a knowledge of the quality of eggs and good 
management. First, there must be a foreman in each candling room who is not only 
an expert candler but also a good executive. Second, each case or pail of eggs should 
be tagged with the number of the individual candler that he may have a sense of 
responsibility and that the accuracy of his candling may be determined. Third, 
the candlers should be instructed to place all eggs difficult to grade with the rejects 
or in a container by themselves in order to reduce the number of bad eggs going to 
the breaking room. Fourth, the foreman of the breaking room should be on the alert 
to detect bad eggs which are present in breaking stock due to errors in candling and 
to report the same to the candling room. Fifth, all doubtful eggs should be recandled 
by an expert to recover those which are good. E and F houses operated their can- 
dling room according to this system with excellent results. 


GRADING IN THE BREAKING ROOM. 


If good organization was important in the candling room, it was even more so in the 
breaking room; here the product (good eggs being furnished) gained or lost in quality, 
depending upon the mode of handling. Here, also, the cost of preparation increased 
or decreased with the efficiency of the working force. First in importance was the 
foreman, for upon him should rest the responsibility of the work of the breaking force 
and the condition of the ultimate product. Heshould be able to command the respect 
of his subordinates, be conversant with the fundamental principles of bacterial clean- 
liness, and be familiar with the different types of eggs occurring in breaking stock. 

Owing to the decided changes made in equipment and methods, the routine work in 
the breaking room in 1912 was quite different from that of 1911. The duties of the 
foreman the second season included the enforcement of the following: Clean manipu- 
lation of the egg during breaking, the proper method of grading, the changing of 
apparatus and the cleaning of hands after breaking a bad egg, the correct speed for 
breaking, the thorough washing and sterilization of utensils, and the maintenance of 
discipline in the breaking force. 

Since the presence of one infected egg would contribute myriads of bacteria to the 
liquid product, the study of the grading of eggs out of the shell became a very im- 
portant part of the work. As has been stated, the candling of eggs is a very efficient 
means of eliminating bad eggs from breaking stock, but it is by no means accurate. 
It is also generally understood by those familiar with eggs before the candle and out 
of the shell that there are some types of objectionable eggs, such as musty or sour eggs, 
which can only be detected when broken. The laboratory findings on composite 
samples of eggs graded to definite types and broken under clean commercial condi- 
tions showed, as given in Bulletin 51 of the U. 8. Department of Agriculture, the 
following facts: 

The majority of the samples of white rets, eggs with yolk lightly adherent to the 
shell, and all of the samples of sour eggs, black rots, eggs with green albumens, eggs 
with yolk heavily adherent to the shell, and all other eggs with bad odors, were 
infested with bacteria. B. coli were present in most of these eggs and constituted the 
predominating organism in sour eggs. 

The eggs with yolk lightly adherent to the shell were slightly lower in quality than 
the regular breaking stock eggs, whereas the sour eggs, white rots, eggs with green 
whites, and eggs with yolk heavily adherent to the shell showed considerably more 
deterioration. Eggs with bloody whites, or eggs with blood rings, should not be used. 
The cause of the musty egg, the odor of which increases on heating, thereby creating 
disaster in the bakery, has not been determined. 

The candler aimed to eliminate all of these types of egg from breaking stock 
except sour and musty eggs and eggs with green whites. Asa matter of fact, blood 
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rings, white rots, and eggs with yolk lightly stuck to shell were frequently miscandled. 
Cracked eggs with moldy shells were not always detected by the candlers. 

This condition of affairs made it necessary that the breakers be able to recognize 
all kinds of bad eggs, for upon them rested the final responsibility of eliminating bad 
eggs from the finished product. It was, therefore, incumbent upcen the foreman to 
select well-qualified girls. Ifa breaker, for instance, did not have a delicate sense of 
smel] she would not be able to detect incipient forms of musty eggs, sour eggs, etc.; 
or, if she were not quick of perception, she would not recognize eggs with light green 
whites, etc. The importance of accurate grading is emphasized by the fact that one 
musty egg would spoil over 30 pounds of liquid egg, worth at least $5. If, on the other 
hand, she threw away eggs fit for food purposes, she incurred a financial loss to the 
company. 

The preservation of strict order among the breakers was a matter of importance. 
Ii a girl, for instance, gossiped with her neighbor, she not only broke fewer eggs but 
her grading suffered. If she chewed gum she blunted her sense of smell. In order 
to encourage good steady work and at the same time give the girlsa rest from the con- 
tinuous breaking of eggs, which involves constant attention and the repeated use of 
the same muscles, they were given, in addition to the noon hour, a recess of about 
15 minutes in the middle of each half day. They were allowed to go out of the room, 
move about, and to converse freely. Such relaxation enabled the girls to do more 
and better work. 

SPEED OF BREAKING. 


After the routine of 1912 had become well established observations were made of 
the time required to take the necessary steps to break and grade an egg and also of 
the average number of eggs broken per minute, and during longer intervals of time. 
The results may be summarized as follows: 

The speed of breaking depends upon the breaker, the quality of the eggs, and the 
character and arrangement of the equipment. The split-second timer showed that 
the successive motions made by the best breakers were as rythmic as those of a machine. 
The number of eggs broken per minute averaged from 12 to 16, or from 12 to 16 cases 
of 30 dozen eggs each per working-day of 10 hours. These figures refer to the breaking 
of eggs without separating into white and yolk. The breakers at E house were the 
swiftest, those of F' house slightly slower, and those at D house the slowest. 


6,000,000 


S 
S 
8 
S 


4, 


2 


PER GRAST 


2,000,000 


NUMEEF OF ORGAN/SIFS 


3 O. 2. 1ST. 47H. 2d. 4S7, 20.8390. 
WEE WEE WELFY WEErC WEEST WEE/r  WEELAT 
APRIL MAY YSUNE SUNE SYLY AUGUST AUGUST 


Fig. 1—Diagram showing the seasonal variation in the bacterial content of the commercial product 
of E house in 1912. : 


In E house the pails of eggs, the breaking outfit, the chute for the shells, and the 
container for the liquid product were so arranged that the motions required to break 
an egg were minimized and were all in one direction. In F house half of the force 
worked left-handedly because the egg supply was contained in egg cases. The case 
would be right-handed for one girl and left-handed for the girl working opposite. It 
took longer to remove eggs from cases, particularly if they were in fillers, than it did 
from pails. In D house the breakers dropped the shells into a container on the floor at 
the side instead of into a hopper directly in front. The former was slower. These 
small differences mean but a few tenths of a second for each egg broken, but aggre- 
gate minutes and hours when the whole working-day is taken into consideration. 
Other factors being eliminated, it was found that a girl working from left to right could 
break over 40 dozen more eggs per day than if she worked in the opposite direction. 
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It was also observed that the arm could empty cups more quickly than the nose 
could notify the brain of the odor of the contents. For example, a breaker may be 
surprised to find that she has puta ‘“‘light must” or a “‘beginning sour” into the con- 
tainer for good eggs before her mind has apprised her of the character of the egg. 
For this reason a limit should be set to the number of eggs broken in a given time. 
Though the girls were not paid according to the quantity of work accomplished, there 
was an inherent tendency for some to break very rapidly. The supervisor should 
make it as much of a point to slacken the pace of these workers as to hurry those who 
are slow. With the present equipment and methods a girl should not break more 
than 16 eggs per minute, and if the breaking stock contains many bad eggs the limit 
should be reduced to 12. 


SEASONAL VARIATION IN QUALITY OF PRODUCT. 


The practical man is familiar with the seasonal variation in the quality of the egg 
supply. His knowledge is more often confined to the differences in the condition of 
the eggs in the shell than to that of the frozen and dried products. Since the latter, 
in the houses under observation, were prepared from eggs which were graded by the 
senses as fit for food purposes, this is to be expected since small differences in quality 
can only be detected by careful laboratory procedures. 

In order to determine what part weather conditions played in the ultimate product, 
samples were taken systematically in two houses during the season of 1912. 


TABLE 2.—Seasonal variation in bacterial content of commercial samples of mixed egg. 
(D house, 1912.) 


Ammoniacal nitrogen Average 


(Folin method). atmos- : 
F Rainfall 
Average pheric tem- : 
Number SSS during the 
Period of sarapling. of presse of pea nad ie Gs Bice 
Samples (| am Pie dave | Previous to 
per gram. | Wet basis. | Dry basis. ays | ‘sampling. 
before 
sampling 
Per cent. Per cent. SoH Inches. 
LS OFA: Meee oe ee 4 40s QODN rete vels linia ns Decals 79 0 
qansatesaitroya IG ee Saee  s6 ae eae 11 660, 000 0.0018 0. 0061 83 42 
PUNO M ALO). Me ess. TE nt 570, 000 . 0020 . 0067 74 2.78 
ATURE TI Ra) TP SBS cers dite 5 650, 000 . 0022 . 0072 83 12 
VULpAOLO Slt cee oe oe 10 | 1,400,000 . 0022 . 0070 93 . 80 
AVEO ONS Tame Sok 3 | 1,500,000 . 0020 - 0065 87 2.88 
TASTER COS 03 ee a 7| 1,700,000 . 0021 . 0068 87 3.97 


These studies show that there is a tendency for the bacterial count and the amount 
of ammoniacal nitrogen to increase as the egg-breaking season progresses (see Tables 
Zand E-IV, appendix, and figure 1). 


CLASSES OF EGGS PRESENTING SPECIAL PROBLEMS. 
LEAKING EGGS. 


Eggs with shell and inner membranes broken are termed ‘‘leakers’’ by the trade. 
There are all gradations, from the egg which has lost very little of its contents to the 
egg which has practically nothing left in its shell but the yolk. 

During periods of the year when receipts are low and the number of leakers conse- 
quently few, they are commonly sold in the shell to near-by consumers and employees 
of the packing house. In the season of heavy receipts, when there are more leakers 
than can be used locally, they are either thrown out with the rots or broken out and 
frozen. The second method of disposal is the one concerned in this investigation. 

Formerly if the leakers were to be conserved for food purposes, the candlers sorted 
these eggs from receipts as they worked and either broke them immediately into a 
container near by or placed them in pans or pails to be opened in another room. 
Neither method was satisfactory. If the eggs were opened in a dark candling room 
they could only be graded in the shell, which was insufficient. Then, too, it was 
impossible to break eggs under sanitary conditions in a candling room. On the other 
hand, if the leakers were placed in pails, the damage to the shell was increased, and 
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a large part of the contents ran over the shells and collected around the eggs in the 
bottom of the pail, thereby making it impossible to prepare a clean product from 
leakers handled in this manner. 


TRAY METHOD OF HANDLING LEAKERS. 


To avoid these difficulties a tray method of handling leakers. was devised. The 
tray was made of galvanized iron and consisted of a drip pan upon which was placed a 
plate-with perforations for holding the leaking eggs. (Pl. XIII, fig. 2.) Thé openings 
were round and about 12 inches in diameter, or hexagonal with sides about six-tenths 
ofan inch in length. The plate was kept in position by means of solder in the corners 
of the drip pan, or by projections soldered on the sides about 1 inch from the bottom. 
The trays were | to 2 inches high, with perpendicular or beveled sides, and 1 foot 
square or 1 foot wide by 2 feet long, the former having a capacity of 3 dozen eggs, the 
latter 6 dozen. The smaller size was much more convenient because it took up less 
space in the candling room. 

After a leaking egg was candled it was placed, damaged end up, in one of the holes 
of the tray. When filled the tray was carried to the breaking room, where the eggs 
were broken and graded. The breaking and grading of these eggs was delegated to a 


few expert girls, because it was impossible to grade leakers as closely by the candle . 


or to break them in as cleanly a manner as cracked or sound eggs. The leaking eggs 
were opened with the thumb and the two first fingers of each hand, and in many 
instances without using a breaking knife. Precaution was taken to keep the leaking 
end of the egg down while the egg was being opened so that the contents would drop 
into the cup instead of running over the shell and wetting the fingers of the breaker. 
The same principles used in the grading of the regular breaking stock were used for 
leakers, except that the grading of soft eggs was done much more closely. 

During the first part of the season bacteriological and chemical tests were made of 
six small samples of leaking eggs collected in the candling room and opened and 
graded carefully in the breaking room. The results are given in Table 3. These 
results compared favorably with those obtained from contemporaneous samples of 
eggs broken from cracked and whole eggs, and warranted further investigation of 
leaking eggs to determine whether they could safely be conserved for food purposes. 


TABLE 3.—Evxperimental samples of leaking eggs, opened in the breaking room (D house, 


1912). 
Bacteria per gram Ammoniacal 
on plain agar in- ae miuroger fants 
cubated at— : method). Number 
Sample Date of collec- bacteria - A 
No. Source. tion. er eee OTOL ALD Moisture. pee 
Inlactose| wot Dry P 
20 C; 37 C. bile. basis basis. 
Per cent. | Per cent.| Per cent.| . 
4273 Dis May 'Sos eet. 2,100 1,300 10, 000 0.0015 0. 0053 71.91 13 
4274 1) 5 Meee do. 16, 500 4, 200 0 0013 0045 70. 83 13 
4275 Daal eee do. 45, 000 34, 500 10} 000i) secs. oe | semen eee ee eneeee 6 
4284 D=th| pare" do.. 37, 000 5, 000 00 0019 . 0067 W..53 12 
4286 D=Lrse ss do... 100, 000 62, 000 10 0013 . 0046 71.85 12 


Laboratory tests of three samples of leaking eggs broken in the candling room at F 
house during May showed a variation of from 1,600,000 to 25,000,000 per gram in the 
bacterial count, and of 10,000 to 100,000 per gram in the number of presumptive 
B. coli. (Table 4.) Sample No. 4370, representing 150 pounds of leakers, broken in 
the candling room of F house during the latter part of May, showed the high count 
of 25,000,000 organisms per gram, but a low amount of ammoniacal nitrogen, namely, 
0.0020 per cent on the fresh basis and of 0.0067 per cent on the dry basis. These 


results indicate that most of the eggs in the product were sound, but that there. 


were some highly contaminated eggs in the mass. Their presence was probably due 
to the impossibility of eliminating infected eggs when opening leakers in a candling 
room. Results of samples taken about a month later, but handled by the tray 
method, gave as shown 1n Table F—X (appendix) bacterial counts varying from 23,500 
to 1,700,000 per gram and the number of presumptive B. coli between 10 and 10,000 
per gram. These results indicated, therefore, that the minimum count of the samples 
of leaking eggs opened in the candling room was, approximately, the same as the 
maximum count of those opened in the breaking room; and that the presumptive 
number of B. col was also, in most cases, higher in eggs handled by the old method. 
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TABLE 4.—Commercial samples of leaking eggs broken in the candling room (F' house, 


1 912). 
Bacteria per gram .| Ammoniacal 
are agar in- pet eee Ginnety ee ee 
cubated at— Mfr method). Tei 
Sample Gnnrce pe Ae A batters ing or- ) Mois- eyelent 
No. > tion |g LoS Rea eNO Be Cay, oI RY 00 Ma 8] rc le 
: in lactose | per gram. Wet Dr Di0. 
20°C. | 37°C bile. M 
basis. | basis. 
Perct. | Perct.| Perct.| Lbs: 
1 a F-1| May 1 | 4,300,000] 2,100,000] 10,000} 1,400,000] 0.0017} 0.0054] 69.74 420 
Fo F-1| May 2 | 3,800,000} 1,800,000} 100,000] 430,000] .0016} .0054| 70.35]........ 
> ie F-1| May 3 | 1,600,000] 950,000] 10,000} 650,000} .0017| 0062} 72.55/........ 
gots! F-2| May 23 |25,000,000} 6,300,000}  100,000/12,000,000} .0020} .0067| 70.09 150 


GRADING LEAKING EGGS. 


An analysis of the kind and number of rejects found on breaking 350 dozen candled 
leakers handled by the tray method, showed that 5.2 per cent consisted of deteriorated 
eges, which could have been detected by careful candling had the eggs been whole 
or merely cracked, and 4.4 per cent of infected eggs which could have been eliminated 
out of the shell. The percentage and kinds of eggs making up the 5.2 per cent of 
deteriorated eggs ordinarily detected in candling were as follows: 


Per cent. Per cent, 
WMI TROT OLS os 2 95) cok setae aces se oro matarare a ete) Mu lOpassy Vaud oulolKooro limbo eee eee aac ncooe 6.9 
Mpes with moldy, Shells: case: nc. o.5.- 3c. 5 17.8 | Eggs with yolk nearly mixed with white.... 5.9 
Eggs with adherent yolk.............--....- Wiis | EVOLLCINIOZ ESB mc cmisls inno ens ceteclnei\ioseeete 3.6 


Following are the percentage and kinds of eggs making up the 4.4 per cent of infected 
eggs which could only be detected out of the shell: 


Per cent. Per cent. 
SEIS SS 2c 3, Soot 9 oN op ea ae 40.1 | Eggs with a moldy odor........-.........:.- 3.7 
SU iG Re eee ies neh een” Say ee 30.4 ) Eggs with an abnormal odor (not bad)...... 251 
Eggs with a green white..........-....------ 28 | eegsiwitha bad odor.22 2222-2222 2 e220 2. 2.6 


From these results it is seen that of the badly deteriorated eggs occurring among 
nee white and sour rots, eggs with moldy shells and soft eggs were the most 

equent. . 

Since a portion of the contents of leaking eggs has been lost, it would be expected 
that a smaller amount of liquid egg would be obtained from these eggs as compared 
with that from cracked or whole eggs. That this is the case is shown by the fact 
that an average of 27.7 pounds of liquid egg were obtained from eight different lots of 
30 dozen leaking eggs, as compared with an average of 34 pounds from a large number of 
cases of cracked and whole eggs. 


LABORATORY RESULTS ON LEAKERS HANDLED COMMERCIALLY BY THE TRAY METHOD, 


Fifty-three samples were taken of leaking eggs handled on trays and opened in 
the breaking room; 17 were obtained at D house, 16 at E house, and 20 at F house. 
The laboratory findings are given in detail in Tables D-IV, E-VII, and F-x, 
respectively (appendix, pp. 99, 77, and 89), and are summarized in Table 5. 


TaBLeE 5.—Summary of laboratory results on leaking eggs, tray method of handling, 1912. 


I. BACTERIOLOGICAL DATA. 


Gas-producing bacteria 


Number of organisms per gram. per gram in lactose bile. 


Number 
House. of 

samples. , 
Minimum. | Maximum.| Average. | Minimum. | Maximum. 


ey re 17 500 | 3,700,000 470, 000 0 100, 000 
| J iiecel eid 16 200,000 | 6,000,000 | 2,800;000 0 100, 000 
© |p ie ice i i ig ae 20 23,500 | 4,500,000 910, 000 0} 1,000,000 
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TABLE 5.—Summary of laboratory results on leaking eggs, tray method of handling, 
1912—Continued. 


Il. CHEMICAL DATA. 


Percentage of ammoniacal nitrogen. Percentage of moisture. - 
Num- ‘ A i 
once perigi Wet basis. Dry basis. 
ples! | a asec aa Mini- | Maxi- | Aver- 

Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- | MUM. | Mum.| age 
mum. | mum age. | mum. | mum age 

1B Fat Saat ce ay aL se 13 | 0.0013 | 0.0022 | 0.0017 | 0.0047 | 0.0076 | 0.0058 | 69.07} 72.83 71.18 

1D) Rane eee tet 11 - 0020 . 0028 - 0023 . 0066 . 0079 .0074 |} 64.12] 70.60 68.16 

Pe, eet ee see oe 13} .0015 | .0028 |) .0020 | .0049| .0080/] .0065 |] 65.59] 71.42 69.33 


The bacterial counts and the percentages of ammoniacal nitrogen of samples of 
good quality leaking eggs handled by the tray method, broken in a cleanly manner and 
graded carefully, were no greater than those found in synchronous samples of seconds, 
dirty, or cracked eggs. 

Samples with high bacterial counts and, in some cases, with high percentages of 
ammoniacal nitrogen are grouped in Table 6. In most instances these results could 
be traced to poor grading during breaking or to low-grade receipts from which the 
leaking eggs were sorted. 


TABLE 6.—Commercial samples of low quality, leaking eggs, tray method, 1912. 


Bacteria per gram Ammoniacal | 
on plain agar in- | Gas-pro-| nitrogen (Folin Ane ae 
Sam- Date of | cubated at— ducing | Lique- method). ‘ Size | Hor 
le |Source.| collec- bacteria | fying Moist-| of | °@ 
£ tion per gram jorganisms|/———~—_|_ ure. | sam-| q; 
O. . y ee In lactose | per gram. yo Dry ple. |.3 mak 
20°C: 372C: bile. Basigedlpacte! 


| | | 


Per.ct.| ‘Per:ct.|\ ‘Per ct.) \3Doz. 
70.13 6 


4503. .| F-3...| June 11 | 4,900,000] 3,300,000] 10,000) 1,800,000] 0.0022} 0.0074 

4526. .| F-3...| June 12 |19,000,000/15,000,000| 100,000 ~ 800,000} .0021/ .0068| 69.18, _— 6]... 
4737. .| E-5...| July 13 [36,000,000] 3,000, 000 ri" Pe -0029} 0105] 72.43] 24) 53 
4858. .| D-5...| July 29 |14,000,000/19,000,000/  10,000|.......... -0019} .0064| 70. 43 6} 16 
4859. .| D-5...|... do... .|20, 000, 000/67,000,000| 100,000|........-. -0019} .0065| 70.58; 6| 9 


The amount of moisture averaged 71.18 per cent in the 13 samples of leaking eggs 
taken at D house, 68.16 per cent in the 11 samples taken at E house, and 69.33 per cent 
in the 15 taken at Fhouse. These figures were lower than those found when cracked 
or whole eggs were examined, due to the fact that some of the white, which contains 
considerably more water than the yolk, had been lost. 


SOFT EGGS. 


Eggs which are not separable into white and yolk are termed soft eggs in this 
report. This egg is illustrated in Plate XIV. It may have a whole yolk before the 
candle, but may be ruptured during the process of breaking. 

Thirteen samples of soft eggs were taken, in which there was observed a consider- 
able variation in both the bacterial content and the amount of ammoniacal nitrogen. 
For example, 53.8 per cent of the samples contained less than 5,000,000 bacteria per 
gram, and 46.2 per cent, between 6,100,000 and 80,000,000 per gram. (See Table 
F-VIII, Appendix.) 

The samples with counts under 5,000,000 contained an average of 0.0021 per cent 
of ammoniacal nitrogen on the wet basis and’ 0.0074 per cent on the water-free basis; 
those with counts over 5,000,000 showed an average of 0.0026 per cent on the wet 
basis and of 0.0086 per cent on the water-free basis. The average amount of loosely- 
bound nitrogen in the samples of soft egg, with counts under 5,000,000 per gram, is 
practically the same as that found in samples of whole egg which could be separated 
into white and yolk. 
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It is evident from these results that a large percentage of soft eggs contain compar- 
atively few organisms and a comparatively small amount of loosely bound nitrogen, 
and also that others are markedly infected and deteriorated. It is quite probable 
that infected soft eggs are incipient forms of sour eggs, white rots, etc., which have 
not yet acquired their identifying characteristics. 


SECOND-GRADE FROZEN EGGS. 


The second-grade product was prepared from eggs showing incipient deterioration 
by the senses and from drippings from the breaking knife. By far the greatest number 
of the samples of these eggs showed, as given in Table F—V (Appendix, p. 84), decided 
infection and marked deterioration. The average bacterial count was 35,000,000 per 
gram; and the average amount of ammoniacal nitrogen, 0.108 per cent on the dry 
basis. These results are considerably higher than those found in any of the first- 
grade products (see Tables 11 and 12). 

Samples were taken of some of the component eggs of the second-grade product. 
The results are correlated in Table F—XII (Appendix, p.92). Both the incipient sour 
eggs and the eggs with white beginning to turn green contained millions of bacteria 
and a comparatively large amount of ammoniacal nitrogen. These data show very 
plainly that it is impossible to detect by the senses sour eggs or eggs with green 
whites until the bacteria have developed in sufficient numbers to cause a partial 
decomposition of the egg material. Cracked eggs with moldy shells, even though the 
appearance and odor of their contents were normal, frequently contained many organ- 
isms. The amount of ammoniacal nitrogen was, however, not excessive. 

The bacterial count of nine samples of drippings from breaking knives and trays 
varied from 10,000 to 13,000,000. There were between 100 and 100,000 B. colt per 
gram in the different samples. This drip contributed fewer organisms to the second- 
grade product than did the eggs showing incipient deterioration by the senses. 

The wide variation of 71.79 to 84.60 per cent of moisture was due to the difference 
in the amount of drippings or white present. 

These results show very conclusively that incipient forms of sour eggs, eggs with 
green whites, etc., are not only heavily infected but are distinctly decomposed. The 
laboratory studies of the second-grade product coincide with the decision of the senses 
as applied to the eggs constituting it, namely, that it is unfit for food purposes. 


TANNERY’ EGGS. 


Tanners’ eggs are prepared from the discards from the candling and breaking 
room minus the eggs with a bad odor, or, in other words, all eggs admittedly unfit for 
food except those with a repugnant odor. The latter are not included because they 
would be disagreeable for the tannersto handle. The eggs regularly graded for tanners’ 
purposes are as follows: 

Candling-room discards—White rots, eggs with moldy shells, eggs with adherent 
yolks, eggs with blood rings, and eggs with yolk nearly mixed with white, etc. 

Breaking-room discards.—Sour eggs, eggs with green whites, eggs with a moldy odor, 
other eggs with abnormal odors, and good eggs, when bad eggs are broken in a cup 
with them, etc. 

Many of these eggs are illustrated in Bulletin 51 of the U. 8. Department of Agri- 
culture; others are shown in this report in Plates XV and XVI. 

In Table 7 are given the laboratory findings in samples of tanners’ eggs, four of 
which were prepared from eggs discarded in the candling room and six from eggs 
rejected in the breaking room. It will be noted that every sample is heavily infected 
with organisms and that with few exceptions those prepared in the breaking room 
were about twice as heavily infected as those made from eggs discarded during can- 
dling. This difference would have been still greater had no good eggs been present 
in the former. 

The number of bacteria in tanners’ eggs varied from 31,000,000 to 150,000,000, being 
markedly greater than the average count found in the samples of first-grade eggs. 
The minimum figure, however, is not far from the average bacterial content of the 
second-grade product, i. e., 35,000,000. 

The amount of chemical decomposition was also greater in the tanners’ grade pre- 
pared from eges rejected in the breaking room than in that made from the bad eggs 
found on candling. The average amount of ammoniacal nitrogen found in the former 
was 0.0099 per cent on the dry basis and in the latter 0.0160 per cent. 
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COMPARATIVE STUDY IN TWO HOUSES ON EGGS BEFORE AND AFTER 
DESICCATION. 


The belt system used in E and F houses differed in some respects. In E house the 
hot air entered the ducts in which the belts circulated through several flues and was 
expelled through two others. In F house there was one inlet and one outlet for the 
hot air. By the arrangement of the air ducts in E house the supply of air coming in 
contact with the drying egg was replenished before it had become saturated with 
moisture. The temperature of the intake air in E house varied from 135° F. to 160° F. 
for whole egg, and in F house it was 160° F. for yolk and 140° F. for mixed egg. The 
temperature of the outgoing air was about 10° lower in E house and about 30° lower 
in F house than the incomingair. E house desiccated about 150 pounds of whole egg in 
one hour and F house about 80 pounds. 

The belts of E house were considerably longer than those of F house; consequently 
they were supported on the lower side by rollers. The portion of the egg on the belt 
coming in contact with these rollers did not dry as quickly as the films of eggs on 
the exposed sections of the belt. As a result, sticky masses, commercially termed 
‘‘wet lumps,’’ were mixed with the flaky egg scraped from the belts. The imper- 
fectly dried portions, however, represented but a small amount of the final product. 
They were screened and subjected to further drying. The average moisture content 
of the dried product immediately after being removed from the belts was at E house 
8.82 for the whole egg. E house did not subject the dried egg to secondary drying. 
F house, however, exposed the product to a temperature of 100° F. for about five 
hours. The percentage of moisture then averaged 6.13 for the mixed egg and 5.04 
for the yolks, as against 11.24 per cent for mixed egg and 11.21 per cent for yolk when 
the dried egg was removed from the belts. 


BACTERIAL CONTENT. 


Eighteen comparative examinations were made of the product in E house before 
and after desiccation. The results given in Table E-V (Appendix, p. 74) show in 
practically every case (if the count of the dried product be divided by 3 to make it 
comparable with the liquid egg) that there is a reduction in the number of bacteria 
during the process of desiccation. 

The lowest count found in samples of the flaky dried egg, as shown in Table E-IIT 
(Appendix, p. 70), was 65,000 per gram and the highest 20,000,000. The average 
count for the 48 samples was 3,600,000. The number of B. coli varied from 0 to 
1,000,000 per gram. Only 6, or 12.5 per cent, contained 1,000,000. (Table E-VIII, 
Appendix, p. 78.) 

The bacterial content of the samples of ‘‘ wet lumps’’ averaged 6,900,000 and varied 
from 1,100,000 to 18,000,000 per gram. Corresponding samples of flaky egg contained 
between 430,600 and 12,600,000 organisms per gram (Table E-II). Comparative results, 
given in Table E-I! (Appendix, p. 68), indicate that in some instances there is a 
multiplication of organisms in wet lumps during the process of desiccation. There 
was practically no difference in the’ bacterial content of wet lumps before and after 
secondary drying. 

In the spring of the year there was practically no increase in the number of bac- 
teria during drying. In thesummer, however, there was appreciable multiplication 
during desiccation (see Table F-I, Appendix, p. 80). This is undoubtedly due to 
the warmer weather and the greater amount of water in the air during the summer. 

It is probable that an increase in the air supply to the belts and an increase and 
rearrangement of the inlet and outlet ducts would facilitate desiccation and prevent 
multiplication of bacteria without diminishing the solubility of the dried product. 


AMMONIACAL NITROGEN. 


The amount of ammoniacal nitrogen found in the Alesiccated products of E and F 
houses is not comparable with the amount present in liquid egg before drying. For 
example, the parallel tests given in Table E-V (Appendix, p. 74) showed that the 
percentage of ammoniacal nitrogen calculated on the dry basis varied from 0.0073 to 
0.0093 in the liquid egg and from 0.0009 to 0.0016 in the corresponding product after 
desiccation. Similar variations can be seen in Table F-VI (Appendix, p. 76). These 
results indicate that a portion of the ammoniacal nitrogen was volatilized during 


desiccation. 


_ The amount of ammoniacal nitrogen volatilized from the product during desiccation 
1s not constant, according to the above tables. For instance, samples 41079 and 41085 
listed in Table E-V contained 0.0093 per cent of loosely bound nitrogen in the liquid 
form, but after desiccation one contained 0.0009 per cent and the other 0.0015 per cent. 
Since, therefore, the amount of loosely bound nitrogen lost from eggs during drying is 
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variable, it is not possible to judge the quality of the liquid egg from the quantity 
found in dried egg, or vice versa. 

A comparison of the amount of ammoniacal nitrogen and the bacterial content of 
dried whole egg, dried mixed egg, and dried yolks shows, as can be observed in Tables 
E-V, F-II, and F-IV, a tendency to greater quantities of ammoniacal nitrogen when 
the product is heavily infected with bacteria, but the relation between the two is 
far from being as definite or as conclusive as when the tests are applied to liquid egg. . 


COMPARISON OF THE LIQUID PRODUCT FROM THREE HOUSES IN 1912.. 


There was but slight variation found in the amount of ammoniacal nitrogen in the 
commercial liquid products prepared by the cooperating houses in which the mode 
of preparation was thesame. The average bacterial contents of the liquid products 
of D and F houses, which derived their breaking stock mostly from their current 
receipts, were nearly the same. The number of bacteria in the liquid egg of E 
house was greater than for the other two houses. The latter purchased its breaking 
stock from other houses; consequently it was somewhat older at the time of break- 
ing than that of the other two houses. The data summarizing the findings for the 
three houses are given in Tables 8, 9, 10, E-VIII (Appendix), and F—XI (Appendix). 


TABLE 8.—Summary of laboratory results on commercial samples taken in’ D house 
during 1912. 


TI. CHEMICAL RESULTS. 


Percentage of ammoniacal nitrogen. 
Percentage of moisture. 


Description of sam- | Num- Wet basis. Dry basis. 
ple. ber. 


WiHIiteS so 2. Soke oe oe 7 | 0.0004 | 0.0002 | 0.0006 | 0.0028 | 0.0016 | 0.0046 | 87.27] 86.96 87. 90 


POLES es 5B 68 13 13 | .0029 | .0024{ .0037} .0070| .0054| .0083 | 57.79! 53.64 64. 06 
Mixed egg.........- 34 | .0020} .0014} .0025 | .0067 | .0046| .0082| 69.46] 68.33 71. 43 


II. BACTERIOLOGICAL RESULTS. 


Whites. Yolks. Mixed egg. 
Organisms per gram. 
Number Number Number 
of Per cent of Per cent of Per cent. 
samples samples samples. 
Oto; O:000dnClisivert ee ss cser eee eee 3 13.6 3 15.0 1 22 
105001 to 50/000 Inclusive. 23... - 22-25-52. 4 18. 2 3 15508 | oo os teeters | oeceeemeae 
50,001 to 100,000 inclusive................. 3 13.6 3 GS hl ee cecal aceouesas 
100,001 to 500,000 inclusive..............-- 8 36.3 3 15.0 14 
500,001 to 1,000,000 inclusive............... 3 13.6 5 25. 0 15 32.6 
1,000,001 to 5,000,000 inclusive...........-- 1 4,5 3 15.0 16 34.8 
TNotalss, fost. aes eee ae SON Ste DOPE Hae AG SEER s a eeT 
AVOPAPO nap (ania bese Soe er ene nme & 280, 000 480,000 1,000, 000 
ULTTL) hs e se eek ch a OE 200 , 100 
EAXAMNUIIN oo Sak omc ee yee 1,500, 000 2, 100, 000 3,300, 000 
Whites. Yolks. Mixed egg. 
Number of organisms per gram produc- | 
= . F | Number Number Number 
ing gas in lactose bile. of | Percent. of |Percent.| of |Percent. 
samples samples samples 
WeSS NAT Os setven ee ee ey a 4 19.0 |: 2 ig Bes lad eee mR OE 
ee eetep otk MEM ey Pa ihely Any oe ee 2 9.5 1 DIG Tete eter se temeier 
0 Seen see em ae Well SS ee 3 14.3 4 22:2 3 6.5 
M000 ote e ease eeints te ode esl See 6 28. 6 i) 27.7 11 23.9 
TCU US eels sc! ee ep ae ee i 4 19.0 2 11,1 15 32.6 
TLS TDs ie a a cas Ra a ee 2 9.5 2 ea 15 32.6 
RODD IO0O AEE fet: Clehere Na Depend te Livate call Ta 5 pti et eee 2 11.1 2 4,3 
Topaleprercn me 2 Pentti eae. uk. 2 FW Weta 1 Ryle ee | UB else cece 
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TaBLE 9.—Summary of laboratory results on commercial samples taken in E house 
during 1912. 
I. CHEMICAL RESULTS. 


Percentage of ammoniacal nitrogen. 


Num- : Percentage of moisture. 
Description | Table | of Wet basis. Dry basis. 
of sample. No. |sam- 


ples. | Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- 
age. |mum.|mum.| age. |mum.|mum.| age. | mum. | mum. 


Whites....... E-VI 3 | 0.0005 | 0.0005 | 0.0006 | 0.0044 | 0.0040 | 0.0049 | 87.84 | 87.55 88. 31 


SYCIEES o)5, core 5 E-VI 4] .0035} .0029 | .0039 |} .0083 | .0072| .0092| 58.37 | 57.72 59, 56 


Whole eggs..-| E-IV 32] .0021 |} .0016 |) .0024} .0075 | .0054 | .0087 | 72.33) 70.23 74,17 
) 


II. BACTERIOLOGICAL RESULTS. 


Percent | Number of organisms per gram. 


of 
Number samples 
Description of sample. tauls (0) ava 
samples. Beer Average. | Minimum, | Maximum, 
5,000,000 
per gram 
Liquid eggs: 
AURIS 5 BAe ete > deneaaac cs E-VI 7 0 730, 000 1,000 1, 800, 000 
“Soft es at CAE Ee a eg E-VI 6 0 630, 000 5,500 | 1,300, 000 
SOVIET RIL EO EAS ab tey ctor ainietain’ =n ='- = ini E-1V 38 26.3 | 3,100,000 700,000 | 11,000,000 
Desiccated whole eggs: 
Blaicy Oeeses sate ee 2-222... E-IIT 48 20.8 | 3,600,000 65,000 | 20,000, 900 
Wien tetMpS sous set! see 2 cS E-II 26 50.0 | 6,900,000 | 1,100,000 | 18,000,000 


TaBLE 10—Summary of laboratory results on commercial samples taken in F house 
during 1912. 
I. CHEMICAL RESULTS. 


Num- Percentage of ammoniacal nitrogen. Percentage of moisture. 
Description | Table wel Wet basis. Dry basis. 
of sample. sam- Aver- | Mini- | Maxi- 
ples. | Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- | age. | mum. | mum 
age mum. | mum age. | mum. | mum 
WU HIteS.. cs ccice 7 ee 3 | 0.0004 | 0.0002 | 0.0006 | 0.0031 | 0.0016 | 0.0046 | 87.13] 87.01 87.36 
WoOIKS.« wccoc% {evit \ 6 | .0038 | .0034 | .0045 | .0086 | .0075| .0103 | 55.87 | 58.74 57. 25 
Whole eggs .-.| F-IX 5 | .0020} .0019 | .0021) .0070} .0067) .0071 | 72.34) 71.62 73.29 


Sugared yolks F-VII. 7] .0030; .0028} .0033 | .0062 | .0058} .0067 | 51.12 | 49.89 53.07 
Mixed eggs...| F-III..| 10] .0023 | .0017|) .0027; .0071 | .0053 |} .0082 | 68.06] 67.00 70. 81 


Softeggs.....| F-VITI} 11] .0023} .0018| .0031 .0080 | .0066 | .0098 | 71.24 | 67.04 72.99 
Second-grade 
BUS aii ss F-V... 14 | .0023 | .0008| .0040 | .0108 | .0052 | .0182| 78.20} 71.79 84. 60 


II. BACTERIOLOGICAL RESULTS. 


Per cent | Number of organisms per gram. 


of 
samples 
: Table Number with 
Description of sample. ‘ of count Mini- 
i samples. over Average. mite Maximum, 
5,000,000 y 
per 
gram 
Liquid eggs: 
Writes temey seer tS eke ene a a a 10 10.0 1 220, 000 1,000 | 7,500,000 
Brame seine Hae Liuki 8. TU” rcvit |} 28] 10.71 | #550,000) — 6,800] 7, 500, 000 
Whole eggS- ..----------+---------- F-IX... 9 0 1,300,000 | 340,000 3, 500, 000 
MACE Se case ld fe. se HL. = ORI 12 8.33 | 1,700,000] 470,000 | 6,800, 000 
Sot eggs 5. 2 2--|- ---------|------- F-VIII. 13 46.1 | 20,000,000 | 130,000} 80,000,000 
Second-grade frozen eggs........ Sa eR Yt 14 92.8 | 35,000,000 {4,200,000 | 92,000, 000 
Desiccated eggs: 
VG oa oh ky aie 1 a a 15 66.6 | 41,000,000 | 71,000 | 110,000,000 
Pei epee te: 10365 | HIV... 32 59.4 | 29,000,000 | 160,000 | 200,000, 000 


1 Two samples with exceptionally high counts not included in this average. 
2 Three samples with exceptionally high counts not included in this average. 
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GENERAL SUMMARY OF LABORATORY RESULTS ON COMMERCIAL 
SAMPLES, 1912. 


The bacteriological and chemical findings of the data obtained from commercial 
samples of liquid egg taken in D, E, and F houses during 1912 are summarized in 
Tables 11 and 12 and shown graphically in figures 2, 3, and 4. 


The average number of bacteria per gram in the whites was 350,000, in the yolks » 


530,000, and in the whole and mixed eggs 1,800,000. The average amount of ammo- 


niacal nitrogen on the dry basis was 0.0031 per cent in the whites, 0.0076 per cent in - 


the yolks, and 0.0074 per cent in the whole eggs. 

A comparison of these results shows that the average count of the whites is about 
half that of the yolks, and that the latter contained approximately one-third as many 
bacteria as the whole and mixed eggs. The antiseptic action of the white may ex- 
plain its lower bacterial content as compared with that of the yolks, whole eggs, 
and mixed eggs. It may be that the presence of soft eggs in the whole and mixed 
eggs offers also an explanation of their higher bacterial content. 


WHITES Hh 350,000 
YOLAS 530,000 


LEAKING EGGS Fj 4900,000 


WHOLE AND 
MIXED EGGS BB 4600000 


SOFT LG6GS 20,000,000 


SECOND GRADE 
ee 35,000,000 
pie Be 76,000000 


Fic. 2.—Diagram showing average number of organisms per gram in commercial samples taken 
in D, E, and F houses in 1912. 


It is interesting to note that the average count of the product prepared from leaking 
eggs is not far different from that of the whole and mixed eggs. The average count of 
the former was 1,300,000 and of the latter 1,800,000.1 The amount of chemical de- 
composition was no greater in the leaking eggs than in the whole and mixed egg. 

The product prepared from soft eggs graded as fit for food purposes contained de- 
cidedly more bacteria than the whole or mixed egg, but the amounts of ammoniacal 
nitrogen in the two were not so very farapart. The average number of organisms 
in the soft eggs numbered 20,000,000 per gram, as compared with 1,800,000 in the 
whole and mixed egg, whereas the percentage of loosely bound nitrogen averaged 
0.0080 on the dry basis in the former and 0.0074 in the latter. The bacteria in the 
soft eggs were not present in sufficient numbers or for a sufficient length of time to 
effect a decomposition of the egg material. 

On the other hand, the second-grade frozen egg prepared from ‘‘beginning sours,”’ 
eggs with light-zreen whites, etc., and the tanners’ egg were not only heavily in- 


1Weighted average of bacterial content of whole and mixed eggs given in Table 11, 


PREPARATION OF FROZEN AND DRIED EGGS. 19 


fected but were decomposed. The average number of bacteria in the former was 
35,000,000 per gram and in the latter 76,000,000. The amount of ammoniacal nitrogen 
was 0.0108 per cent on the dry basis in the second-grade egg and 0.0133 in the tanners’ 
egg. These comparative data, together with the practical observations of the eggs 
used in the former product, show V ery conclusively that second-grade canned or dried 
eggs are unfit for food purposes, 


WHITES 


YOLACS 
LEAAING 
£66S 
WHOLE ANDO ¥ 
MIXED EGGS 
SOFT EGGS 


SECOND GRADE 
£6GS 


TANNER S 
£6CGS 


Fic. 3.—Diagram showing percentage of commercial samples with counts over 5,000,000 per gram 
(samples taken in D, E, and F houses during 1912). 

As the houses under observation during 1912 were three of the largest producers of 
canned and dried eggs in the United States, it is instructive to compare the quality 
of their output as indicated by its bacterial content with that offered for sale for food 
during the two years previous to the investigation. Stiles and Bates found ina study 
of 312 samples of frozen egg collected from different sources during the years of 1909 to 
1911, inclusive, that 58.3 per cent contained over 10,000,000 bacteria per gram. Of 
216 samples of liquid egg obtained from the cooperating “houses during this investi- 
gation in 1912, only 1. 4 per cent were found to contain over 10,000,000 per gram.! 


F Ay 
warres OOO 5 of 


0020 
LEAKING EGGS eee Ze 020 065% 
D ECGS .0020 flill.cozo% 
“pp eae FMI 208 0 7 D067 % | 
/UXED EGGS fem .0029 76 
“fF YHOUSE me on Y% 
WHOLE coes| eee 007A 
YoL io | ne ee o07e% 
SOFT a es pee Cee 2 _ a 
SECOND aa 0024 Yo 
| Wrens Wav i | W086 


TANNERS 004) Yo 
EGGS -W33% 


Fig. 4.—Diagram showing average percentage of ammoniacal nitrogen in commercial samples 
taken in D, E, and F houses during 1912. 


The maximum count in the three houses in 1912 was 11,000,000 per gram, while the 
maximum found by Stiles and Bates was 1,180,000,000. 

The difference in the bacterial contents of the samples of dried egg was equally as 
marked. Stiles and Bates found that 83.3 per cent of the samples purchased on the 
open market contained over 10,000,000 per gram. Only 6.3 per cent of 48 samples 


Niet and Bates, Bureau of Chemistry, United States Department of Agriculture, Bulletin No. 158, 
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taken in E house contained over this number, while in F house 55.3 per cent of the 
samples were in excess of 10,000,000. 

The maximum number per gram found in the samples of dried eggs taken in 1912 
was 20,000,000 for E house and 200,000,000 for F house, and in the samples collected 
between 1909 and 1911 by Stiles and Bates, 2,100,000,000. It is known in the case 


of F house that the raw material was of good quality and that the bacteria increased 


during desiccation. 
The samples studied by Stiles and Bates represented not only frozen and dried egg 


prepared from good eggs by the best methods known at the time, but also products 


made from unfit raw material. . 
These comparative data speak well for the quality of the product prepared by the 
new methods in the three houses under investigation. 


TaBLE 11.—General summary of bacterial counts on commercial samples taken in D, E, 
and F houses during 1912. 


Per cent | Number of organisms per gram. 


of sam- 
Number | ples with 
Description of sample. Table No. of counts 
samples 5, 700.0 Average. | Minimum. | Maximum. 
per gram 
Liquid eggs: i 
WihiteGee een eck nena ae Da 17, E- 39 2.6 1 350, 000 100 7,500, 000 
, Zl. 
Nolks=45-. sce cee ees sae -ce D-Ill, E-VI, 54 5.56 | 2 530,000 200 7, 500, 000 
21, F-VIL. 
Wiholoerrste sas cce eee E-IV, F-IX.. 47 21.28 | 2,700,000 340,000 | 11,000,000 
Mixed egg from D house...| D-II.....-.--. 46 0 1, 000, 000 5,100 3, 300, 000 
Mixed egg from F house....| F-II1......-... 12 8.33 | 1,700,000 470, 000 6, 800, 000 
Weakinepees--s--2. 55.6 Jac DE 53 5.88 | 1,300,000 500 6, 000, 000 
Soltieres sc /1I UL Abie: Bevo 13| 46.14 | 20,000,000 | 130,000 | 80,000, 000 
Second-grade eggs....-...- WV 25 oS cece 14 92.8 | 35,000,000 | 4,200,000 | 92,000,000 
Panntersuesre ase a eee (pepe Ohne 10 100.0 | 76,000,000 | 31,000,000 | 150,000, 000 


1 One sample with an exceptionally high count not included in this average. 
2 Three samples with exceptionally high counts not included in this average. 


TABLE 12.—General summary of chemical results on commercial samples taken in D, E, 
and F houses during 1912. 


Percentage of ammoniacal nitrogen. 


Num- Percentage of moist- 
Descripti ber. ofl a Eo ure. 
escription of = P i 
sample. Table No. sam: Wet basis. Dry basis. 
ples. 


Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi-| Aver-| Mini- | Maxi- 
age. mum. | mum, age. mum. | Mum, age. mum. | mum, 


————_|—___|__ | _ _ __ _f_ __ 


Wihites!: 3252 2-. D-III, 17, E- 13| 0.0004) 0.0002} 0.0006} 0.0031) 0.0016} 0.0049] 87.37] 86.96} 88.31 
Mini 
Wolkss teers D-H, 17, E- 23) .0032) .0024) .0045) .0076) .0054) .0103) 57.88] 53.64) 64.06 
AA 
Sugared yolks.} F-VII......-- 7) .0030} .0028) .0033] .0062| .0058} .0067| 51.12) 49.89) 53.07 
Whole eggs....| E-IV, F-IX .. 43} .0021) .0016) .0024) .0074) .0054) .0087| 72.33) 70.-23) 74.17 
Mixed egg from} D-IT........-- 34; .0020) .0014) .0025) .0067} .0046] .0082} 68.88] 68.33] 71.43 
D house. 
ae egg from| F-IIT......... 10! .0023) .0017) .0027) .0071} .0053} .0082) 68.06) 67.00) 70.81 
house. 
Leaking eggs... Dae 37| .0020} .0013) .0028] .0065/ .0047| .0080) 69.63) 64.12) 72.83 
Soft eggs....... Vin Se 11] .0023} .0018} .0031] .0080| .0066] .0098} 71.24] 67.04] 72.99 
Second - grade | F-V........-.- 14] .0024) .0008) .0040} .0108) .0052} .0182} 78.20) 71.79] 84.60 
eggs and 
drippings. 
MANNVCTSTCLE 2 eile eo see see oe 9} .0041; .0021} .0069} .0133] .0074| .0219) 69.98) 65.06) 71.89 
CONCLUSIONS. 


1. Eggs commonly used for breaking stock by reputable firms are small and over- 
sized eggs, dirty and cracked eggs, and shrunken eggs. 

2. In order to check deterioration, the eggs should be held in chilled surroundings 
before and during the process of candling, breaking, and mixing preparatory to freez- 
ing or drying. : : : : 

3, All eggs, even during the spring months, should be candled previous to breaking. 
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4. In order to insure well-candled eggs going to the breaking room, the system of 
candling should be such that the work of the individual candlers is checked. 

5. In order to prevent waste, the eggs difficult to grade should be set aside by the 
regular candlers to be recandled by an expert. 

6. All eggs used in the preparation of frozen and dried eggs should be graded out 
of the shell as well as by the candle, because certain heavily infected eggs, such as 
sour eggs and eggs with green whites, can only be detected when broken. 

7. In order to insure a good product, bacterial cleanliness and careful grading must 
be obtained during the process of preparation. 

8. The fingers of the breakers should be kept dry and clean. 

9. In order to prevent waste and to insure good grading, not more than three eggs 
should be broken into a cup before emptying. 

10. Good eggs should not be saved when a bad egg has been broken into a cup with 
them. 

11. White and yolk are contaminated less by the mechanical than the shell method 
of separation. Only clean eggs should be separated by the latter process. 

12. The percentage of ‘‘rots’’ rejected on candling and the organisms in the liquid 
ege saved increases as the season advances. 

13. Canned eggs with the majority of samples having counts of less than 5,000,000 
bacteria per gram, and with 100,000 B. coli or less can be prepared in the producing 
section from regular breaking stock, provided strict cleanliness and careful grading have 
been observed. The ammoniacal nitrogen will very seldom be over 0.0024 on the wet 
basis or 0.0087 on the dry basis. 

14, A second-grade frozen product prepared from eggs showing incipient decompo- 
sition to the senses, such as “‘beginning sours” and eggs with green whites, are not 
only heavily infected but chemically decomposed. These eggs are unfit for food 

urposes. . 
: 15. Only two grades of canned eggs should be prepared when grading eggs out of 
the shell, namely, food egg and tanners’ egg. 

16. Leaking eggs handled on special faye babwoen candling and breaking room and 
eraded carefully are as fit for breaking as regular breaking stock. 

17. Tanners’ egg contains markedly larger numbers of bacteria and larger amounts 
of ammoniacal nitrogen than does food egg. 

18. The control of the supply of air to drying belts to prevent saturation from the 
liquid egg is an important factor in preventing multiplication of bacteria in the 
product during the process of desiccation. 

19. The amount of ammoniacal nitrogen in desiccated egg is not a reliable index 
to the quality of the raw material from which it is prepared, because this substance is 
volatilized unevenly during the process of desiccation. 

20. The following eggs should be discarded during grading: Black, white, mixed 
and sour rots, eggs with green whites, eggs with stuck yolks, musty eggs, moldy eggs, 
‘“blood rings,’’ eggs containing diffuse blood, and eggs with abnormal odor. 


GLOSSARY. 


“‘Seconds” are small and oversized eggs, dirty eggs, and shrunken eggs. 

‘‘Leakers” are eggs with shell and inner membranes broken. 

A “‘blood ring” is a fertile egg in which the embryo has developed sufficiently to 
show blood. 

A soft egg is an egg the yolk of which appears whole before the candle, but breaks 
_ when opened. 

A “‘strong-odor” egg is an egg which has an eggy odor. 

An ‘‘off” egg is an ege which has a slightly abnormal odor. 

A “‘beginning sour” is an egg showing the first signs of the odor characteristic of 
sour eggs. 

“Mixed egg” is a product prepared by adding yolks to whole egg. 

“Drip” is the liquid egg, mostly white, which collects in the bottom of the break- 
ing tray while eggs are being broken. 

econd-grade egg is a product prepared from ‘‘drip” and incipient forms of deteri- 
orated eges, such as “‘beginning sours,’’ eggs with light-green whites, etc. 

‘Tanners’ egg” is a product made from the rejects of the candling and breaking 
om; minus eggs with a bad odor. It is used, as the name implies, for tanning 
eather. 

“Flaky egg,’’ as opposed to ‘‘wet lumps,’’ is the more thoroughly dried portion of 
e2g coming from the drying belts. parry H 

“churn” is a device for breaking yolks and for mixing yolk and whole egg 


APPENDIX. 


DETAILS OF EXPERIMENTS IN EACH COOPERATING HOUSE, 1911 AND 
1912. 


CONDITIONS OBSERVED IN B HOUSE IN 1911. 
THE BREAKING Room. 


In B house a small room, about 12 by 12 feet, constructed entirely of concrete, 
screened, and on the fourth floor of a modern creamery, was set aside for egg break- 
ing. It was not refrigerated. It was clean. 

The table used in this house is shown in figure 5. It was covered with zinc, had a 
shelf at the side to support the egg case, and a hole in the middle of the table through 
which the shells were thrown into a bucket below. At the back of the table, to the 
leit of the breaker, stood a pail of water. This was used to wash the saucer and the 
hands of the breaker after a bad egg. The saucer was not dried, consequently it 
carried water to the shelf on which it rested, keeping the latter continually sloppy, 
and occasionally drops fell into the containers below. One saucer only was pro- 
vided, hence it was in constant use. This type of breaking outfit was seen in a 
number of establishments. 
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Fig. 5.—Table and breaking outfit (B house, 1911). 


The eggs in this house were separated by the shell method when whites and yolks 
were desired; whole eggs went into the saucer. In the shell-separating method— 
that is, the usual housewifely fashion of tipping the egg back and forth until the white 
is drained off—the white ran into a saucer, the yolk was dumped into a small yolk 
bucket, and the white from the saucer into its bucket. The whites were collected 
in containers of various sizes, according to the wishes of the trade, and stored at one 
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side of the room from the beginning of the work in the morning until noontime, when 
it was removed to the freezer; and again, from the beginning of the afternoon until 
the close of the day, when a second trip was made to the freezer. 

The yolks were put into a 40-quart milk can. This at noontime and again at night 
was emptied into a large straight-sided can provided with an ordinary creamery fau- 
cet. The yolk was poured into this churn through a large mesh wire sieve to remove 
scraps of eggshell. It was then stirred with a paddle in the churn until the yolks 
were thoroughly broken and mixed, or the whites and yolks of the whole eggs made 
into a uniform liquid. The containers were then placed below the faucet of the 
churn and the egg run into them. ‘The churn was washed at noontime after it was 
used and again at night. 

The eggs were chilled before breaking, but their long wait after removal from the 
shell in this hot room effectually undid the good which previous chilling does to a 
perishable product. 


SouRCcES OF BACTERIAL CONTAMINATION. 


In order to determine the bacterial cleanliness of this method and equipment, each 
obvious factor was tested by laboratory methods for the amount of contamination. 

Plate I, figure 1, represents the number of colonies which developed on a 4-inch 
petri plate from one drop of water taken from the saucer after throwing away a bad egg 
and washing in running hot water. It is obvious, from the large number of colonies 
developing, that this method of cleaning the receiver is not sufficient to remove the 
organisms furnished by the undesirable egg. Plate I, figure 2, shows the number of 
bacteria in one drop of water which had collected on the shelf holding the wet saucer. 
Here, again, is a rich source of bacterial contamination of the final product. As one 
would expect, there are many more organisms in this drop of drip than were obtained 
from the saucer itself. : 

The picture of the breaking equipment shows a shallow metal tray that was placed 
under the egg pails for the sake of cleanliness. This tray gradually collected drippings 
of water from the saucer and its shelf and of egg which ran down the sides of the pails 
when their contents were emptied into the milk can; consequently, there were even 
more organisms in the liquid that accumulated in the tray than there were on either 
the saucer or the shelf, and when the pails were emptied this liquid sometimes dropped 
into the final receiver. One drop of it was examined with the result shown in Plate I, 
figure 3. The organisms as they developed on a 4-inch petri plate were so numerous 
that it was impossible to distinguish them as individual colonies. Each step of this 
process added more and more bacteria to the product, though as carried out it was 
even cleaner than the usual kitchen methods. The breaker had no means of detecting 
either the source or the amount of the infection that his routine caused. 

The bacteria on finger tips wet with egg are shown in Plate I, figure4. To obtain 
this preparation, the breaker touched her five wet finger tips against the bottom of a 
dry, sterile petri plate. Agar was then poured in, shaken to distribute the organisms 
evenly, aa incubation allowed to proceed. The results indicate that the hands of 
the egg breaker are also a source of infection which, if possible, must be overcome. 


COMPARISON OF THE COMMERCIAL PRODUCT WITH EXPERIMENTAL SAMPLES. 


This house did not buy eggs especially for breaking, but used breaking stock sorted 
from their current receipts. The supply of eggs going to the breaker while the house 
was under observation was of exceptionally good quality. The bacterial count and 
chemical analysis of eight samples, including whole egg, yolks and whites, are given 
in Table 13, Part I. The odor and appearance of all the samples were excellent. 
The amount of loosely bound nitrogen is low, indicating that, in the shell at least, 
the eggs were of good quality. But the number of bacteria in the final product 
shows a wide variation, which can not, apparently, be attributed to the eggs. The 
minimum count for egg white is less than 1,000, and the maximum is 6,500,000 per 
gram; the minimum for yolks is 2,000,000 and the maximum is 4,800,000 per gram. 
The number of presumptive B. coli varied from 100 to 100,000 per gram. 

An effort was made to eliminate the sources of contamination already described by 
modifying the equipment and more effectually cleaning the apparatus soiled by eggs 
that were discarded. Instead of the apparatus in use in this house, there was sub- 
stituted the breaking outfit pictured and described on page 11 of Circular 98, Bureau 
of Chemistry, United States Department of Agriculture. Trays holding pails fcr 
liquid egg were discarded. Tissue paper was provided on which to dry finger tips. 
Pails and cans, such as were commonly used, were retained; but all were washed in 
water at 160° F. and held in that water for five minutes or steamed. 
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There were a sufficient number of knives and sherbet cups to permit each soiled 
- piece to be sterilized for fifteen minutes before being again put into service. The 
apparatus was considered soiled as soon as it had come into contact with an egg 
that had to be discarded. Current breaking stock furnished the eggs. The results of 
the laboratory examination of the experimentally prepared product are shown in 
Part II of Table 13. In order to comprehend their true significance, the bacterial 
findings obtained must be compared with those found in commercial sample No. 455. 
The eggs used in these two series were not only from the same lot but from the same 
cases, the experimental samples coming from one side and the commercial samples 
being taken from the other, in the routine fashion of the house. Their similarity is 
further confirmed by the chemical analyses, which are practically identical. The 
number of bacteria in the experimental samples are uniformly less than 1,000 per 
gram, and the organisms of the coli group are greatly reduced in number, not exceeding 
100 per gram, while the corresponding figures for the commercial sample are 4,300,000 
bacteria and 100,000 B. colt. 

Part III of Table 13 gives the results obtained when the equipment was washed 
and held in hot water at 160° F. before use. When contaminated by a bad egg it was 
not used again untilit had been washed and sterilized. The finger tips were kept dry 
as before. The number of bacteria per gram is, practically speaking, reduced to a 
negligible quantity, and the presumptive colz organisms are also practically excluded. 
To emphasize what such cleanliness means the counts should be compared with the 
commercial samples Nos. 459-461. Here again the bacteria per gram ran over 4,000,000 
in the case of the yolks, and the B. coli ran as high as 100,000. These eggs, as before, 
were from the opposite half of the cases furnishing the experimental samples. Such 
a demonstration, confirmed by many others, showed that the best of eggs, if handled 
in dirty utensils, would give a product containing many bacteria. 


CONDITIONS OBSERVED IN C HOUSE IN 1911. 


The equipment used in C house in the preparation of the egg for freezing was also 
of interest, because it varied in character for almost every breaker. The fancies of 
the individual girls were more apt to determine the kind of utensils used than any 
peperianeert judgment concerning fitness for the work to be done. Sometimes 20 
girls were employed, but there was no discipline. The forewoman was the social 
associate of the girls, and many were the interruptions while town doings were dis- 
cussed. The whole atmosphere of the breaking room was one of easy-going self 
satisfaction. 

THe BREAKING Room AnD EQUIPMENT. 


The ege-breaking room was long and narrow. Two windows on the outer side wall 
were screened, as was also the door. The floor was of wood for rather more than half 
its length, the balance being of concrete and slightly lower in level. 

A long table made of wood and covered with zinc stretched from end to end of the 
room. At this table, facing the light, the girls sat. About 18 inches above the table 
and running along the wall and across the windows was a galvanized-iron gutter about 
5 inches in diameter and about 2 inchesdeep. Over this were water faucets so placed 
that they could be reached without the girls leaving their seats, and in this stream of 
cold water the girls rinsed fingers and utensils. About half way down the room, 
breaking the table line, was a wooden trough supplied with hot and cold water and 
used for the general cleaning and washing. 

At the two ends of the room were large galvanized-iron cans, supplied with stirrers 
and creamery faucets and called churns. In these the eggs were mixed before being 
put into their final carriers. 

The girls were using heavy walled glass tumblers, tin cups, agateware cups, sherbet 
glasses, and ordinary china teacups, depending entirely upon the preference of the 
worker and the receptacle available. Each girl had a small tray—tin, agate, or 
black japanned ware—on which she placed the egg receptacles. She also had a 
pup of agateware buckets, holding about 3 quarts each, into which she emptied 

er smaller receivers. These buckets were dumped into the churns, or, in the case 
of egg white, directly into 30-pound pails, in which they were frozen. When the 
study of C house was made it was putting out egg white, egg yolk (sugared and un- 
sugared), and a first, second, and third grade of whole egg. The third grade was known 
as ‘‘tanners’,’’ and was not for food purposes. 
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All the eggs coming to the breaking room were candled, but the candlers were apt 
to put in doubtful eggs for the breakers to grade, rather than take the time and trouble 
to decide in the candling room whether they were or were not fit for food. All the 
eggs were chilled, but the breaking room was not, hence there was a profuse sweating 
of shells during much of the ege-breaking season. ; 

The girls removed the fillers and flats, layer by layer, as they reached them, and 
took several eggs at one time, holding them in the right hand, and pushing up one at ~ 
a time for shell cracking and emptying. Of course, dirty eggs, sweating also, imme- 
diately resulted in badly soiled hands. The eggs were cracked on the edge of a 
cup, glass, or whatever type of receptacle the breaker happened to have. _ Generally, 
it was not suited to cracking an egg because it mashed and splintered the shells 
instead of making a clean cut. Having cracked the shell, the girl was supposed to 
hold it over the glass and determine, by the appearance of the egg at the crack, whether 
it could or could not be separated into white and yolk, or to which grade of egg it 
belonged. If it could be separated, the white was drained off, housewife fashion, 
into one receptacle, and the yolk dropped into another. If the ege was too ‘‘soft” 
to separate, but odorless, it went into first-grade whole eggs. If it was a little ‘‘off,” 
or ‘‘strong,’’ or a ‘‘beginning sour,’’ it went into second-grade whole eggs. The tan- 
ners’ egg was composed of white rots, which were not too malodorous, musty eggs, 
moldy eggs, eggs with a bloody white, and blood-ring eggs. 

The forewoman gave some instructions regarding the grading of eggs by appearance, 
odor, taste, etc. In practice, every girl graded according to her own sweet will. 
Hence, the output of the different breakers was very uneven. In the long run, 
judging by observation, about as many firsts went into seconds as there were seconds 
put into firsts. 

When some of the egg yolk, during the process of separation, ran into the tumbler 
of eg white, it was fished out by means of a spoon, or, more commonly, by a piece of 
egg shell. If an objectionable yolk got into the yolk cup, or some of a bad egg into 
a food-egg grade, the entire contents of the receptacle was supposed to go into the 
bucket indicated by the character of the egg last entering. In practice, however, 
the breaker used a spoon or an egg shell to take out as much of the objectionable egg 
as she could see and quite disregarded its presence when grading. The remnants left 
were a fine source of contamination and foci for bacterial troubles later on. The girls 
in © house used cups and tumblers large enough to hold from 6 to 10 eggs. Many 
times it was the last egg required to fill the vessel that was off grade. The instinctive 
desire on the part of the breaker to procure as much high-grade product for her 
employer as possible, and her reluctance to swell the amount in her tanners’ bucket, 
will override all instructions forbidding the removal of objectionable eggs as just 
described. The only way to overcome the habit is to have the first receiver so small 
that it cannot accommodate more than two or three eggs. 


CLEANLINESS. 


The problem of cleanliness assumed a different aspect in C house, because of the 
running cold water to which every girl had easy access. Laboratory methods were 
called in to determine the efficacy of frequent rinsing in cold water with the supple- 
mentary cleaning in hot water twice a day in removing the bacteria of the objec- 
tionable egg, or other dirt, from hands and utensils. 

At noontime, after the usual cleaning in hot water, a number of the cups, tumblers, 
etc., were tested for bacterial contamination. In every case, abundant evidence of 
insufficient cleansing was observed. Plate II, figure 1, shows the growth resulting 
eee the edge of a tumbler was just touched against a sterile agar film on a petri 
plate. 

To gain some idea of the number of organisms adhering to the vessels, a drop of 
water from each of a number of tumblers was plated as is customary when colonies 
are to be counted. A glass which had received yolks gave an average of 630 organisms 
to the drop; one that had been used for whites gave 570; the glass that had received 
the tanners’ egg gave 5,900 per drop. That the pails into which the eggs were first 
emptied were prolific carriers of organisms was also proved. Plating in this case gave 
2,600,000 per cc, equivalent to 20 drops. That more bacteria would adhere to the 
agateware pails than to china or glass cups was to be expected, because of the greater 
roughness of the former. 

It was desirable, also, to determine to what extent the fingers of these girls passed 
on the bacteria of rejected eggs to those that had but few. Plate II, figure 2, shows 
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the number of colonies which developed when a sterile petri plate was touched with 
the tips of five fingers that had just been washed because they were wet with ege— 
but not with objectionable egg. For comparison with this, Plate II, figure 3, is 
given. Here we have the result of breaking a tanners’ egg. Even though the hands 
were washed in running cold water, the mere touch of finger tips gave so many colo- 
nies that they were innumerable. - 

The lessons here are quite plain. First, ordinary washing of either hands or utensils 
is not sufficient to keep them, bacterially, fit for ege breaking; and, second, when bad 
eges, unfit for food, are broken the removal of the hordes of bacteria which they carry 
becomes an extremely difficult task. 


COMPARISON OF THE COMMERCIAL PRopuUcT witH EXPERIMENTAL SAMPLES. 


A number of samples of the product of C house were taken during the months of 
July and August, 1911. The bacterial content of the whites were, on the whole, the 
lowest; yolk was considerably higher, and the whole egg the highest. The greater 
number of the routine samples of whole egg were of the second grade. (See Table 
C-I, Appendix, p. 64.) It will also be seen that some of the so-called second-grade 
egg is of quite as good, if not better, quality than the first grade—a result which 
was to be expected from the loose methods oi grading. 

The glass cups, adjustable knives, and wire-screened tray, described on page 11 of 
Circular 98, were taken to C house in order to determine the character of the eggs used 
as indicated by cleanly methods of handling. A supply of live steam in a near-by 
creamery was utilized to sterilize the apparatus. Part I of Table 14 shows the results 
obtained from eggs with cracked shelis, when sterilized apparatus was used, and, 
under ‘‘Commercial samples’’ are shown similar eggs broken in very cleanly fashion 
in the apparatus belonging to the house. The second-grade, commercial, whole egg is 
decidedly richer in organisms than is the first-grade whole egg (9,200,000 in one case 
and 4,900,000 in the other), but because the number of samples is so small but little 
stress can be laid on the findings. The higher bacterial count for the first-grade whole 
ege of the experimental samples is probably due to the fact that soft eggs without 
bad odor but which would not separate were used—an interesting side hght on the 
results of errorsin grading. Considering the whites and yolks only, the count of the 
commercial samples varied from 310,000 per gram in the white to 1,600,000 in the 
yolk, as compared with 810,000 and 770,000 in the experimental series. When the 
experiment was repeated, using seconds with sound shells instead of cracked eggs, 
all the bacterial counts were decidedly lower. 
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PREPARATION OF FROZEN AND DRIED EGGS. 29 
CONDITIONS OBSERVED IN E HOUSE DURING TWO CONSECUTIVE YEARS. 


SEASON OF 1911. 


This firm erected a building a few years ago especially to put up evaporated eggs. 
Refrigeration was installed, but the business soon outgrew the supply. However, the 
eges were put into the chill room as soon as received, and usually they were candled 24 
hours later. 


THE BREAKING ROOM. 


The room in which the eggs were broken was about 75 feet long, 27 feet wide, and 
11 feet high, and was on the second floor. It opened at one end into a room where 
the finished product was being put into packages and at the other into a small room 
where the liquid egg was held in a creamery tank, cooled by a brine-chilled stirring 
machine until it was needed to replenish the supply going to the drying belts. The 
temperature in the drying room was often 110° F. or more. Wood partitions sepa- 
rated the drying from the breaking room; hence it was impossible to keep the latter 
cool. 

The outer wall of the breaking room was brick; the partition walls were of wood. 
A row of windows, high up, were always wide open for light and air. The ceiling was 
high, and with open beams. The floors had calked seams, such as are used in meat- 
packing houses. The breaking room is pictured in Plate IV. 

At one end of the room was a long sink with hot and cold water, where all the utensils 
were washed. Tables extended along each side of the room. These were covered 
with zine and supported the cases of eggs and individual breaking equipment. The 
egos were broken on an apparatus (Pl. IX, fig. 2) consisting of a wedge-shaped knife sup- 
ported on a half-inch iron pipe which was screwed by a flange to the table top. A 
funnel-shaped metal collar surrounded the knife and discharged the leakage from the 
egos into the shell tubs. This collar was added late in the season and served to keep 
tables and floors far cleaner than they had previously been. There was still, how- 
ever, a great waste of egg from leakage. 

The girls broke from 13 to 24 egesa minute. As itis impossible to grade at this rate, 
good eggs were sometimes discarded and bad eggs were sometimes used. 

The number of bad eggs going to the breakers was unnecessarily increased because 
the candling was not accurate. The candlers simply ‘‘flashed” eggs in front of the 
light and threw them, pell-mell, into the cases, so that a large number of eggs with 
sound shells were made into cracked eges and. those with cracked shells were wrecked. 
The extra work and unnecessary loss that such Roo candling entailed in the breaking 
room was shown, for example, by one breaker who found 9 bad eggsin one case. These 
she threw away and with them 24 good ones. She also made nine trips the entire length 
of the room, to get clean pans, since instructions were to take a pan to be washed after 
it had received a tanners’ egg. 

The liquid ege was collected in buckets. Those, in turn, were emptied into a 
large churn through a wire screen. Rubber hose led from the churn to the long 
creamery tank before mentioned. This hose was dirty and could not be cleaned. It 
was replaced by sanitary piping, which permitted of sterilization in every part, just as 
soon as the actual condition of the rubber hose was made known to the management. 

From the tanks the egg was led by a gate valve into buckets; the buckets were 
carried to galyanized-iron tanks which supplied the feeding trough of drying machines 
of the belt type. The belt was constructed in the usual way. The temperature was 
about 160° F., and the time required was from one to one and one-half hours for one 
run. Flaky egg was the result. It was put up generally in barrels, or in small tin 
cans, for household use. Two grades were made—one for food purposes, the other for 


tanning leather. 


SOURCES OF BACTERIAL CONTAMINATION. 


Observation would indicate that the method of cleaning utensils in use in E house 
failed to cleanse, bacteriologically speaking. The facts that the laboratory revealed 
are indicated in Plate III, figures 1, 2,and 3. The importance of the findings in rela- 
tion to the bacterial content of the product is emphasized by the fact that the tests 
were made at noontime, when an especially thorough washing was given to insure 
cleanliness during the afternoon. 

The breakers paid no attention to cleanliness of hands, so far as the egg itself was 
concerned. Their hands were constantly wet with good egg, and bad and dirty shells 
were handled regardlessly. 
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Touching the tips of such fingers very lightly against a petri plate containing agar 
showed that their hands were far from clean, as is seen in Plate III, figure 4. The 
growth on the plate itself was shown the girls and was a revelation to them. 

The lack of knowledge of the fundamentals of bacterial cleanliness is perfectly 
apparent from the efforts of the management to conduct their business in a cleanly 
fashion. The other appliances coming in contact with the liquid egg were just as ill 
suited, bacteriologically speaking, to the work they had to do, yet every effort was 
being made, so far as the knowledge of those in charge went, to throw away bad eggs 
and to put out only a high-class product. 


COMPARISON OF COMMERCIAL PRODUCT WITH EXPERIMENTAL SAMPLES. 


Table 15 gives the laboratory findings on the liquid egg prepared under the con- 
ditions just described. The minimum number of organisms obtained was 3,300,000 
per gram; the maximum was 23,000,000. ‘The number of gas producers in lactose bile 
medium ran from 100,000 to at least 1,000,000. In many cases these results are too low, 
because dilutions were not made in sufficient number to estimate higher counts. The 
loosely bound nitrogen, calculated on the fresh material, was from 0.0020 to 0.0030 per 
cent. 

All these samples were intended for human food. The tanners’ egg which was being 
made is shown in samples Nos. 327 and 484. There is a noteworthy leap upward in 
both bacterial content and loosely bound nitrogen. 

This series of examinations in Table 15 does more than give the condition of the 
final product in that it illustrates to a certain extent how the organisms increased as 
the egg went from one container to another. The first of each of the paired exami- 
nations represents egg which had been in contact with the hands of the breaker, the 
knife blade, the little agateware pan, and the agateware bucket. The second sample 
represents the same egg aiter it had been strained, thoroughly churned to mix white 
and yolk, and allowed to pass through the rubber hose for storage in the large tank. 

Part II of Table 15 traces the liquid egg from the storage tank to the drying belt 
and gives the final outcome after all the manipulations. During the drying process 
the water content of the liquid egg isreduced to one-third or less of its original amount. 
Likewise the number of organisms is reduced, though not in such marked propor- 
tion. It must be remembered that bakers dissolve this dried egg in water; hence, 
on the liquid basis it would have only about one-third as many organisms per gram 
as are shown on the dry basis. The lowest bacterial count for the dried egg was 
found to be 3,700,000, the highest 17,000,000, with an average of 9,200,000 per gram. 
The loosely bound nitrogen in the dried product is considerably less ‘than in the 
liquid egg. Undoubtedly some of this form of nitrogen is driven off by the heat and 
aeration in the process of drying; therefore this substance can not be taken as an 
index of quality on the same basis as in the liquid product. 

In order to determine the effect of breaking the same eggs that were being used in 
E house, in what might be termed an approximately bacterially clean fashion, the 
experiments reported in Table 16 were made. The apparatus used for this purpose 
was that described on page 27. It was cleaned by washing in running water, then 
heated in a steam box for 20 minutes. The technique of breaking was as given on 
page 23 for B house. The results are given as samples Nos. 485 and 486 in Table 16, 
cracked and dirty eggs. Samples Nos. 489 and 503 were from the same lots of eggs, 
but were broken by one of the women in the regular fashion. The difference in 
bacterial content is astonishing (11,000,000 in the commercial product as compared 
with less than 1,000 bacteria in the experimental samples in the case of dirty eggs), 
but the loosely bound nitrogen is practically the same, indicating about the 
same amount of aging in the shell. 

Sample No. 488 (clean eggs) was broken by the same operator who prepared the 
other experimental samples, but in this case the usual equipment of the house was 
used and the work was done as nearly as possible as the regular breakers did it. It 
may be compared with sample No. 487, which was taken from the same lot of eggs 
and was the work of an egg breaker employed in E house. It will be seen that like 
equipment and methods produced like results, whether the operator was an egg breaker ~ 
or a bacteriologist. : 
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PREPARATION OF FROZEN AND DRIED EGGS. oo 


SEASON oF 1912, ArreR REMODELING. 


This plant was practically rebuilt so far as the space used for candling, breaking, 
and storage of eggs was concerned. All the rooms involved in handling the eggs 
from their receipt until they went to the drying machine were refrigerated. 

The increased supply of refrigeration was used to chill all incoming eggs at least 24 
hours before candling; to keep the candling room at about 55° F.; to maintain a tem- 
perature of 60° F. in the breaking room; to keep the liquid egg at a temperature below 
40° F. while holding it to supply the drying machines; and, finally, to freeze the 
liquid egg, if it was to go into commerce hard frozen. 


CONSTRUCTION. 


Breaking room.—The construction of the breaking room was materially changed. 
It was insulated with 2 inches of cork and was of reinforced concrete construction 
except the ceiling, which consisted of two layers of tongued-and-grooved 3-inch 
boards. The windows were closed with four panes of glass for insulation, with a prism 
glass on the outside to evenly distribute the light. The walls and ceiling were finished 
with white waterproof enamel. The wash room was separate from the breaking room, 
and a vestibule protected the latter from atmospheric temperatures. The creamery 
tank was in the opposite end of the breaking room and was not partitioned off. Brine 
pipes fastened to the ceiling and_an incoming supply of chilled air furnished the 
necessary refrigeration and ventilation. The general appearance of the room is 
shown in Plates V and VI. 

Wash room.—The room in which the cleansing and sterilizing of the egg-breaking 
apparatus was performed was also of cement construction, well lighted and with floor 
drains. (Pl. XI, fig. 1.) 

Freezer —The freezer was constructed with brine-pipe racks on which the cans of 
liquid egg were set. These racks, through which the brine circulated, greatly expe- 
dited the freezing of the egg. (PI. XIII, fig. 1.) 

Candling room.—The candles, which had two holes, were remodeled so that the 
oval openings against which the eggs rested were of such a size and the edges so beveled 
that the egg entirely closed the space. A tungsten electric bulb was placed behind 
each hole. As the eggs were graded they were placed in galvanized-iron buckets 
holding 12 dozen each. In the bottom of each bucket was a woven-wire screen 
supported by a l-inch galvanized-iron rim. The eggs rested on this screen, which 
served as a cushion, so lessening breakage and offering a protection from the leakage 
which might collect in the bottom of the pail. The outfit of one candler is shown in 
Plate IX, figure l. 

When filled, the buckets were transported to the breaking room on a mechanical 
carrier, consisting of two endless belts connected by crossbars on which the buckets 
hung by loose hooks, so that they were always upright. This arrangement obviated 
the necessity of taking trucks into the breaking room. 


_ EQUIPMENT. 


Breaking room.—The tables used in the breaking room were covered with zinc and 
were supported on legs of galvanized-iron pipe. (Pls. Vand VI and PI. IX, fig. 3.) 
No wood was exposed. Four holes, about 5 inches in diameter, were placed at equal 
distances along the middle of the table. Into these holes galvanized-iron funnels 
were fitted, and served to conduct the shells into the galvanized-iron tubs which were 
set below them on the floor. One such funnel was used by two breakers. On the 
end of the table a frame, constructed of galvanized-iron pipe, was used to support the 
trays which held the sterilized cups and breaking knives. Under this tray, on the 
table itself, was a second tray used to collect the soiled apparatus. (Pl. V.) 

The breaking outfit consisted of a rectangular cast-iron aes into which were soldered 
two uprights, one of which terminated in a ring to hold the cup, the other in a 
flat plate with two buttons for holding the breaking knife. This knife was about 4 
inches long and about | inch wide. A white enameled pan rested on the base to catch 
the liquid egg which dropped off the breaking knife. The cup used was of annealed 
glass with a smooth surface inside and out and held four eggs. The construction, in 
detail, of this breaking equipment is shown in figure 6. The eggs were emptied from 
the shells into the cups, which were, in turn, emptied into a 12-quart enameled pail. 

A galvanized-iron box for holding the tissue paper used for drying fingers is shown 
in Plate IX, figure 3. These boxes were hung on the pails containing the shell eggs. 

Wash room.—The wash room (Pl. XI, fig. 1) was equipped with metal throughout. 
It contained two round-bottomed sinks, two sterilizers, and gas-pipe shelves to hold 
pele, trays, etc., after sterilization. The sinks were supplied with an abundance of 

ot. and cold water. 
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The sterilizers were built of galvanized iron in two compartments, and had shelves 
formed of perforated pipes which supplied the steam. A flue from the top of the 
box was connected with a damper and a fan in order to remove the steam quickly 
after the sterilization was finished. A thermometer, especially constructed for such 
work, was a necessary part of the apparatus. One sterilizer was used for cups exclu- 
sively and was supplied with wire-bottomed trays which rested on the steam pipes 


and were made to fit the space. The other sterilizer was used for buckets, shell tubs, © 
and other bulky equipment. An auxiliary wash room with a sink and a sterilizer 


was a part of the drying-room equipment. 


CONDITIONS PREVAILING EVERY THIRD WEEK FROM APRIL TO SEPTEMBER. 
Visit No. 1 (April 22 to 27). 


There were seven visits of one week each made to E house during the season of 1912. 
At the time of the first visit the refrigerating machinery was not in operation, but the 
temperature in the candling room and the breaking room was from 60° F. to 65° F., 
due to the cool weather. 
Steam was plentiful and the 
sterilizers and wash room 


breaking room had _ the 
equipment already de- 
scribed, with the exception 
of the new breaking outfit. 
A makeshift was used while 
waiting until the new forms 
of apparatus arrived. It was 
sloppy; therefore, the girls 
were forced to use cloths to 
wipe tables, cups, hands, 
and, sometimes, the floor. 
These rags were always wet 
and always unsightly. A 
bacterial examination of the 
water squeezed from 12 of 
them showed that they were 
carrying germs to the num- 
ber of 150,000,000 to each 
cubic centimeter. Until the 
improved apparatus was ob- 
tained it Nie decided ie 
—Egg- cing substitute clean pleces oO 
Fic. 6.—Egg-breaking outfit (E house, 1912) escalate hee ena 
criminate rags and to wash and sterilize them twice daily. The breakers were 
provided with clean white gowns and caps. Each girl was given a clean towel every 
morning. he 
All apparatus which came in contact with the egg was sterilized after washing, and 
laboratory tests showed that it was free from bacteria, with the exception of the troughs 
and brushes used to feed and spread the egg on the drying belt. This difficulty was 
partially corrected by lengthening the period of steaming, and plans were made to 
obtain a duplicate set of these devices to permit of sterilizing after each run, | 
The supply of eggs.—During this period the egg supply of this house consisted of 
dirty and cracked eggs sorted by other firms from lots going into. storage. It was 
the custom in this house to candle all incoming stock, regardless of the season. The 
candlers found a sufficiently large number of incubator rots to warrant this extra 
grading before submitting the eggs to the breakers. At this season the eggs were 
purchased on the ‘‘case-count”’ basis. é : 
Breaking-room routine.—There were employed at this time 15 girls, with an average 
output of 14 cases per girl per day of 10 hours. Very few of these girls had been egg 
breakers. It was deemed best to instruct from the start rather than to remodel objec- 
tionable fixed habits. A foreman accustomed to ruling girls, but ignorant of the 
business of egg breaking, was in charge. i 
The girls were drilled in the essentials of bacterial cleanliness as well as in the 
grading of the eggs. They were instructed to wash their hands after a bad egg and 
to dry them before returning to work. While working, fingers were to be kept dry 
by means of tissue paper. The aim, however, was so to handle the eggs that the 


were in operation. The | 
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fingers did not become wet. Inexperienced or ineflicient breakers always have wet 
hands. The instructions regarding clean, dry hands were illustrated by making 
finger prints on agar plates. The bacterial growth resulting was especially useful in 
showing the breakers the persistence of the organisms characterizing green white 
eggs, which were plentiful at this time. The routine of cracking, turning, opening, 
and draining the shells was that described when discussing D house in 1912 (p. 58). 

Eggs at this time cost 18 cents per dozen. It was necessary, therefore, to prevent 
waste as far as possible. Constant supervision enforced the regulation to turn the 
eges upward quickly aiter cutting to prevent leakage, and to hold the two halves 
oi the shell long enough to drain thoroughly. Another form of waste was due to the 
fact that 4 eggs were put into the cup before emptying; therefore 3 good eggs were 
sometimes lost because of 1 bad one. The management feared that too much time 
would be lost if the girls emptied the cups after each 3 eggs instead of 4. Obser- 
vations made with a split second timer showed that it required 26 seconds longer to 
open a dozen eggs when breaking 3 instead of 4 eggs to a cup before emptying. By 
interpolation, this difference amounts, on a case basis, to only 1.3 minutes. This 
extra time was considered negligible when compared with the number of good eggs 
saved if the cup was emptied when it contained 3 eggs. 

Other observations made amply confirm the foregoing statement. For example, 
during one-half day, there came to the breaking room 195 bad eggs. These were 
mixed by the breakers, when breaking 4 eggs to the cup, with 301 good eggs, which 
were, of course, discarded. At 18 cents a dozen this loss, during one-half day, 
amounted to $4.50. It would seem desirable, to prevent waste and contamination 
as well as to insure good grading, to work toward means by which each egg shall be 
handled separately. 


TABLE 17.— Contamination of good eggs with green-white eggs (E house, 1912). (Commer- 
cially prepared in packing house by breaking 4 eggs per cup and endeavoring to “* pour 
off” the bad egg.) | 


Bacteria per gram on | Gas-pro- 
plain agar incubated ducing 


Ey at— : Liquefying] a; 
Sample No. Visit. pate ofeol pacien organisms ee “ 
Fa laetass Perera. ee 
20° C. By (Oe bile. 

TUG, BES Ogee ae oe PELE AID I 22, v2 ccc 26, 000, 000 750, 000 TO" 000 lam ates ctepsinis 2 quarts. 
BPs Spee ate gle gly ae Ei 1D dike Sal dl CR eeese coe 1, 200, 000 500, 000 10,000 | 0 in 10,000 | 4 eggs. 
Oe eases Sas eaten cle Miay Ss.) 2.8 4, 200, 000 39, 000 10 530,000 | Do. 
781 GH opt cise nore BYEZ eeelewayelosscses: 35,000, 000 | 22,000,000 | 1,000,000} 4,700,000 | 8 eggs. 
2h OD a age bee | Mary tae. 14,000,000 | 15,000,000 10,000 | 15,000, 000 
SEY (EHS yee eee eee TB Pies | gal he rg is sors es 7, 800, 000 500, 000 100 | 5,500,000 | 5 eggs. 
ANTS af $e Gee SSS SEES hie Be2e ee May ee 9,700,000 | 1,300,000 | 0 in 10,000 | 6,100,000 | 7 eggs. 


It is not possible to separate the undesirable from the desirable egg by pouring out 
of the cup the visible undesirable egg. This fact is illustrated by experiments grouped 
in Table 17. When an egg with a green white was received in a cup already holding 
one or more good eggs, the green-white egg was poured off and the eggs remaining were 
collected and examined. The bacterial findings, as given in Table 17, show that 
the bacteria from the green eggs contaminated the good eggs, the extent of which is 
brought out by comparing the counts of the commercial product of the house made at 
the same time as the experiments under consideration. It was against the rules of the 
breaking room to use any liquid egg out of the shell which had been in contact with a 
bad egg. The bacterial variation in the regular product was from 140,000 to 1,500,000 
per gram; the lowest finding for the good eggs in contact with a green-white egg was 
1,200,000, and the maximum was 35,000,000. This principle holds true for any highly 
infected egg in contact with a good egg, and effectually disposes of the habit of pouring 
out the visible portions of the bad egg and using the rest. 

The product.—Two series of experiments were made on different days, tracing the 
egg step by step from the first pail to the final dried product. The results of these 
experiments, as listed in Table E-I (Appendix, p. 66), under visit No. 1, showed 
that the sources of contamination existing in 1911 had been eliminated except in one 
instance—namely, the brushes used to spread the egg on the drying belt. Even here 
the total count did not rise, but there was an appreciable increase in the number of 
B.coli. There is a discrepancy in the number of bacteria reported in this sequence 
of samples. Thisis due, probably, to the fact that they were taken at the outset of 
the work before the routine of taking and handling samples wasestablished. Too much 
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reliance can not, therefore, be placed on them, but they do serve to show a trend which 
is later confirmed when the same criticisms of technic can not be made. 

The eight samples of liquid whole egg to determine progressive contamination had 
a variation in bacterial count ranging from 140,000 organisms per gram to 1,500,000 
and in the number of B. coli from 0 to 10,000. 

The final dried products of the two series of experiments had, as listed in Table E-I 
(Appendix, p. 66), under samples Nos. 4177 and 4191, a count of 1,300,000 in the ~ 
first case and 430,000 per gram in the second. The number of B. coli in sample 
No. 4177, before and after drying, was 1,000 per gram; in No. 4191, 10,000 per gram ~ 
before drying and none afterwards. They had probably been killed by heat during 
desiccation. Three other samples of dried egg taken during this period had bacterial 
contents similar to specimen No. 4177. 

Immediately after the desiccated.ege was scraped from the belt it was sifted to break 
up the flakes and to separate out the wet lumps. (See p. 15.) To insure thorough 
drying, the screened egg was placed in a bin at a temperature of 100° F. for a few 
hours. Determination of moisture in the flaky egg before and after this secondary 
drying showed practically no change in the water content. 

The wet lumps were rubbed through a sieve with the hands or by means of a grooved 
block of wood about 4 inches square and placed in a bin at about 100° F. for final dry- 
ing. The wet lumps sifted from the same run as the dried egg described under No. 
4191 had, as shown in Table E-II (Appendix, p. 68), 14,000,000 bacteria per gram and 
a moisture content of 18 per cent, both of which are distinctly higher than the corre- 
sponding flaky portion. Other samples of wet lumps taken before and after sifting, 
and after secondary drying, had bacterial counts of 2,400,000, 2,100,000, and 3,300,000 
per gram respectively. The moisture content was reduced from 17.40 to 6.94 per 


cent by secondary drying. 
~ “Visit No. 2 (May 13 to 18). 


The refrigerating had not been completed, and the new breaking outfits had not 
alrived. Since the former visit an extra set of brushes had been made for each 
drying belt, so that it was possible to have them changed between runs. They 
were always steamed for an hour instead of 20 minutes. An extra set of feeding 
troughs were in the process of making. Duplicate paris of the mixing device had 
been purchased so that one set could be washed and sterilized while the other was 
in operation. 

The breaking stock of this period consisted of about 235 cases of cracked eggs per 
day. Grading the eggs before the candle was being done well. The work in the 
breaking room was also good when the number of untrained girls and the makeshift 
apparatus are taken into consideration. 

t was customary for the girls to break enough eggs in the afternoon to cover the 
belts during the first run in the morning. The weather was so warm that there was 
bacterial multiplication in the liquid product while being held overnight without 
refrigeration, as may be seen from the bacterial contents of the corresponding dried 
products, given in Table 18. 


TABLE 18.—Effect of lack of refrigeration of liquid stock upon bacterial content of dried 
product (E house, 1912). 


COMMERCIAL SAMPLES OF DRIED EGG PREPARED FROM LIQUID EGG HELD AT 
ROOM TEMPERATURE OVER NIGHT. 


Bacteria per gram on Gas-pro- 
Date of | Plain agar incubated at— | ducing bac-| Liquefying 


Sample No. Visit.| collec- teria per | organisms 
tion. gram in lac-} per gram. 
20° C. 37° C. tose bile. 
EE te SAA Sees See oe he Ht 5 2| May 1 9, 200, 000 5, 000, 000 100, 000 300, 000 
AOGG Rater meron endo PNET Sane an 2| May 3] 15,000,000] 11,000,000 10,000 | 0 in 10,000 
TOT Se ae AR ey oe aT 3| May 21] 5,300,000] 1,300,000 10, 000 20, 
GD esa ea REE | 3] May 23] 7,100,000] 1,400,000 10,000 20, 000 


COMMERCIAL SAMPLES OF DRIED EGG PREPARED FROM LIQUID EGG IMMEDIATELY 
AFTER BREAKING. 


70, 000 


May 6 ; 
May 8 0 in 10,000 


2a fis b cttiood ab rbSdoaase Naess Sea eAooe 2 
2 000 


1, 100, 000 
00, 


900, 000 10, 000 
550, 000 10, 


PREPARATION OF FROZEN AND DRIED EGGS, 37 


Six samples of desiccated egg taken on this visit showed from 65,000 to 13,000,000 
organisms to the gram, as tabulated in Table E-III and E-V (Appendix, pp. 70 
and 74), under visit No. 2. 

A study of the dried product of four different runs showed, as expressed in Table 
E-II (Appendix, p. 68), under visit No. 2, that the wet.lumps in every case had a 
higher bacterial content than the flaky egg. In some samples this difference was 
negligible; inothers it was marked. The moisture content of the wet lumps varied 


from 16.46 to 21.68 per cent. 


TABLE 19.—Commercial samples of liquid and dried tanners’ egg (E house, 1912). 


Bacteria per gram aa 
on plain agar in- Gas- Lique- ca. ogen 
cubated at— producing} “fring | «foun 
SaM-! Description of | Date of Visit bacteria | $y qn. | method). | Mois. 
ple sample. sampling,| Y‘*": per gram cele A ture. 
No. in lactose Bee 
20° Cc 372 C bile. 8g : Wet Dry 
, caste C basis.| basis. 
IZM IZ Ga IOs 
4195 | Liquid egg..... Apr. 26 1 |100,000, 000/17, 000, 00011, 000,000-+|.......-. 0. 0069/0. 0219) 68. 53 
4323 | Dried egg.....- ay 14 2 | 20,000,000) 4,700,000] ’ 1007 000-++/1, 200, 000| . 0024] .0025| 5.54 
4347 |<... COE e esa May 17 2 | 48,000,000} 4, 800,000 10, 000+ |2, 600,000} .0020) .0021; 6.90 
4348 | Liquid egg.....|.-. ios... 2 |130, 000, 000/24; 000; 00/1, 000; 000-+|.”.....-- 0041] .0146| 71.89 


- During this visit two samples of liquid and two of dried tanners’ egg were taken. 
The laboratory results given in Table 19 showed, as would be expected, an excessive 
number of bacteria and large quantities of ammoniacal nitrogen. 


Visit No. 3 (June 1 to 5). 


The third trip to this house was made when most of the new equipment for the sea- 
son was in operation. The extra set of supply troughs to the drying belts had been 
made; two creamery tanks, with a capacity of 800 gallons each, were installed; the 
new breaking outfits were in use; and, most important of all, there was a plentiful 
supply of refrigeration, so that the eggs could be kept cold from time of receipt until 
the liquid was spread on the drying belts. 

Each tank had a continuously revolving brine coil, which served to keep the egg at 
a temperature just above freezing until it was drawn off to be dried. These creamery 
tanks were especially constructed in that the lids were perforated to permit of the 
steam hose being inserted, and the joints were tight enough and strong enough to hold 
the steam. A temperature of 210° F. was readily maintained for one-half hour. Of 
course, the cold brine was emptied from the pipes before the steam was admitted. 

With the accession of refrigeration the receipts had been doubled, so that the drying 
room was in operation day and night. The force had been increased so that all the 
eges were candled and broken during the day. The egg supply consisted of ‘‘dirties” 
and ‘‘checks,’’ about half and half. 

The work of the candlers was fair; the work in the breaking room, however, was very 
unsatisfactory because the forewoman was not enforcing the routine decided upon. 
The girls, for instance, were only occasionally washing hands and changing knives 
after bad eggs. Their manipulation of the new breaking outfit was an example of how 
poorly a good piece of apparatus can be used. They gave the eggs too hard a blow on 
the breaking knife and then did not turn the crack upward, consequently a large 
amount of white leaked from the egg into the drip tray. 

Because of the large number of eggs with incipient odors and because of the large 
percentage of bad eggs in the breaking stock, the girls were continuously in need of 
assistance in deciding on doubtful eggs. On account of the unreliability of the girls 
and the importance of careful grading, it was absolutely necessary that a well-qualified 
person should have charge of the breaking room. 

During this period 31 samples of the commercial product were obtained—five from 
the large storage tanks in the breaking room and the balance in the drying room 
before and after desiccation. 

The five samples taken from these tanks had about double the number of bacteria 
found in similar specimens taken on visit No. 2. The number of bacteria in the 
present samples is shown in Table E-IV (Appendix, p. 72). There was also a slight 
increase in the amount of ammoniacal nitrogen. 

The laboratory results showed no marked changes in the dried product when com- 
pared with those obtained during the previous experimental period. 
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Visit No. 4 (June 24 to 28). 


The egg supply consisted of one half checks and the other half a mixture of seconds 
and dirty eggs. 

The management had not succeeded in obtaining a forewoman to replace the one 
who left during visit No. 3. An attempt was made to promote a conscientious girl 
from the ranks, but the breakers absolutely refused to recognize one of their number 
as their head. The position required a good disciplinarian as well as one who could 
appreciate and enforce the principles of bacterial cleanliness as applied to the prepa- 
ration of food on a large scale. 

The supply of eggs was not sufficient to keep the girls at work the whole day. They 
received the same daily wage whether they worked all or part of a day, consequently 
there was a concerted effort to break the eggs in as short a time as possible. This 
undue haste led to unclean work and to careless grading. 

The low quality of the work during this week, as well as the untidy appearance of 
the breaking room, showed what can be expected when a number of irresponsible 
girls are allowed to work without direct and strict supervision. 

The work of the candlers was superior to that of the breakers. The foreman, shortly 
before this visit, was directed to recandle daily the rejects from the different candlers. 
The finding of only six edible eggs on breaking one-half case of rejects after secondary 
candling indicated that the work was being done very efficiently. 

From a chemical and bacteriological viewpoint the quality of the liquid and dried 
product was practically the same as found on the last visit. A few samples of desic- 
cated egg, however, contained more organisms than had been noted heretofore. The 
wet lumps showed no greater infection than the flaky egg. 


Visit No. 5 (July 19 to 24). 


The conditions in the breaking room were greatly improved because the superin- 
tendent had been able to give some attention to the breakers. The egg supply had 
not increased, consequently he was able to reduce the breaking force to a number suffi- 
cient to complete the work by the regular closing time. He dismissed the more 
inefficient girls and particularly those who had been promoters of disorderly work. 
This culling resulted in an altogether different spirit in the breaking force, for each of 
the remaining girls was not only anxious to do good work but was also desirous of 
retaining her position. 

With this change in the attitude of the breakers it was a comparatively simple mat- 
ter to get them to manipulate the egg properly, to break at a sufficiently low speed to 
permit careful grading, and to make the necessary changes in apparatus after opening 
an infected egg. 

As a consummation to the improved conditions, the superintendent succeeded on 
July 16, 1913, in getting a forewoman whom the girls immediately and cheerfully 
recognized as their superior. The young woman was trained along sanitary lines, 
consequently she could appreciate the principles of bacterial cleanliness which were 
being applied here to the preparation of frozen and dried eggs. By instruction and 
observation she quickly learned to recognize the various kinds of eggs occurring in 
breaking stock, and was soon competent to supervise grading as well as clean hand- 
ling of eggs. Gum chewing was prohibited among the girls, since with such a 
highly Spa substance in the mouth, eggs with incipient odors would not be 
detected. . 

She also stopped conversation between breakers because it was necessary for best 
results that a girl give her entire attention to her task. Asa compensation for steady 
work the forewoman gave the girls a five-minute recess in the middle of each half day. 
The increased efficiency of the breaking force under the new régime more than bal- 
anced the time utilized by the intermission. 

On one of the first days of the visit two of the breaking girls were given the position 
of pages. Their duties were to transport the trays of clean apparatus from the wash 
room to the breaking room, to carry the same back when dirty, and to look after the 
general appearance of the breaking room. Formerly the breakers stopped their work. 
to do these errands. Inasmuch as this work kept the pages busy, this change in the 
organization did not add to the operating expenses, but greatly facilitated the work of 
the breakers. 

A few changes in equipment had been made since the last visit. For instance, new 
racks had been made to hold the breaking knives from the time they were ‘washed 
until they were used in the breaking room. Another change was the placing of a clock- 
face with movable hands on each sterilizer door. After filling a sterilizer with appa- 
ratus, the operator noted the time of day and placed the hands of the clockface at the 
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hour and minute when the supply of steam should be cut off. This mechanism ena- 
_ bled the operator to know definitely that each portion of apparatus was sterilized for 
25 minutes. 

The egg supply consisted of current receipts as well as checks, dirties, and seconds. 

The general candling of the receipts was fair, but the recandling of the discards was 
not accurate. The latter duty had been assigned to one of the regular candlers 
because the foreman was now checking the work of individuals candling to select 
good eges to go to the breaking room. He recandled pails of eggs selected at random, 
and when he found an undue number of deteriorated eggs he notified the original 
candler. Under this system of overinspection the girls developed more care in 
grading. 
- Quantitative determinations given in Table E-IV (Appendix), under visit No. 5, 
showed that samples of the regular breaking stock contained 46.9 per cent more bac- 
teria and 10 per cent more ammoniacal nitrogen than did similar samples obtained 
on the previous visit. Similarly, Table E-IITI shows that the desiccated product 
contained more organisms than did the samples taken on the preceding visit. The 
larger amount of bacteria in the liquid egg probably accounts for this increase. The 
increase in the bacterial content was no doubt due to the hot weather which pre- 
vailed during the first half of July. 

The data on the commercial product, as recorded in Table E-IV (Appendix), pre- 
pared from current receipts, showed the same amount of loosely bound nitrogen 
as did the eggs discussed before, but the number of bacteria was about one-third less. 
The latter difference may, perhaps, be explained by fewer infected eggs in current 
receipts as compared with the seconds, dirty, and cracked eggs of the regular 
breaking stock. 

Visit No. 6 (August 5 to 9). 


The egg supply consisted of the same classes of eggs as on the previous visit, but there 
were fewer current receipts. 

The general candling was good, and the recandling of the discards was .mproved. 
The breakers were doing good work under the direction of the new forewoman. In 
fact, the management of the breaking room was better than it had been at any time 
during the season. 

As the firm was putting up an order of dried yolk, about one-third of the breaking 
force was separating eggsinto white and yolk. The separation was effected by a trough 
separator of the gravity type. This device was effective for spring eggs, but was not 
very efficient for the soft eggs which occurred at this period. The girls, conse- 
quently, were continuously removing broken yolk from the apparatus, and with the 
best of manipulation they could not prevent portions of yolk getting into the white. 

Bacteriological and chemical examinations of whole egg before and after drying 
proved the breaking stock to be of practically the same quality as on the preceding 
visit. ‘The weather was cooler during the latter half than it was during the first part 
of July, consequently there was no greater deterioration in the egg supply. 

Table E-VI (Appendix p. 76) gives the results of 13 samples of white and yolk sep- 
arated by the device already described. The maximum number of bacteria found 
was 1,800,000; the minimum 1,000. It is of interest in this connection to note that 
the counts in every case are lower than those in synchronous samples of whole egg 
taken from the large storage tanks. Itis probable that the soft eggs which enter the 
latter product offer an explanation of its higher bacterial content. 

Samples were taken of the product broken each day during the interval between 
visits No.5 and No.6. During this interval the management purchased 1,153 cases 
of firsts which had been deluged with water while a fire was being extinguished in 
the building in which they were stored. A chemical examination of the eggs proved 
them to be comparatively fresh and to contain no more water than is ordinarily 
found in breaking stock. The eggs were broken in three days’ time, but the last 
portion was not finished until four days after receipt because a Sunday intervened 
between the last two days. The forewoman stated that the grading was simple on 
the first and second days, but was very perplexing on the last day, because many of 
the eggs had become musty. The mustiness of these eggs pervaded the atmosphere 
of the breaking room to such an extent that it was almost impossible to detect any 
other odor. The changes observed in these eggs indicate that the wetting of shells 
plays a part in the production of musty eggs. 

It is interesting to observe the increase in the number of bacteria in the product 
broken each day. The count on the first day was 1,600,000; on the second, 2,400,000; 
and on the fourth, 5,100,000 per gram. The B. coli numbered 10,000 in the liquid 
ege broken on Friday and Saturday and 100,000 in the product obtained on Monday. 
The amount of ammoniacal nitrogen found in the eggs was practically the same on 
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the fourth day as on the second. The bacteria, therefore, had not multiplied suffi- 
ciently to break down the protein material of the egg. 

The management held the regular receipts, including the checks, until all the wet 
eggs were broken. Two samples taken of the liquid product made from cracked 
eggs kept in a chill room four days had a count of 4,500,000 in one case and 5,400,000 


in the other, as compared with 1,100,000 and 1,600,000 in eggs broken immediately | 
onreceipt. These results show the deleterious effect of holding warm-weather checks, 


even ii they are kept in cool surroundings. 


Visit No. 7 (August 19 to 24). 


» 


The seventh and last trip to this house was made during the last week the plant 
was 1n operation. 

The breaking stock consisted of the same classes of eggs as are discussed under the 
sixth visit, with the exception of some dirty eggs which had been in storage since 
the middle of April. The low quality of the receipts was shown by the fact that 
over 20 per cent was rejected by candling. Since it was impossible to purchase a 
sufficient supply of eggs to fill the orders for the desiccated product, the firm was 
melting frozen stock prepared earlier in the season and mixing it with the liquid 
egg direct from the breakers. 

With the decrease in receipts the candling, breaking, and drying forces were 
reduced. It now required only eight girls to break the egg supply. 

During the interval between this and the previous trip daily samples were taken 
from the large storage tanks. These samples were obtained before the management 
began mixing frozen and liquid egg, hence they are comparable with previous sam- 
ples from the large tanks. Table E-IV (Appendix), visit No. 7, shows that the 
average count of samples taken on the sixth visit was 4,300,000 per gram; of the 
specimens obtained on the present trip, 5,700,000. A similar increase in the amount 
of loosely bound nitrogen was also observed. These results also show the low quality 
of the receipts. 

Five samples of the liquid mixture, composed of frozen and shell eggs, gave, as 
expressed in Table E-V (Appendix), under visit No. 7, counts varying from 6,400,000 
to 19,000,000 per gram. The amount of ammoniacal nitrogen determined was greater 
than was ordinarily found in food egg. From a bacteriological and chemical view- 
point these samples showed more deterioration than any previous series of specimens 
taken from the food product prepared by this house. The deleterious effect of 
rehandling the frozen eggs, together with the low quality of the shell-egg stock, is the 
probable explanation of this low-quality product. Since the laboratory results of 
these samples are not comparable with those of the general output, they will not be 
included in the general averages. 


CONDITIONS OBSERVED IN F HOUSE DURING TWO CONSECUTIVE YEARS. 


SEASON OF 1911. 
CONSTRUCTION, EQUIPMENT, AND ROUTINE. 


The building in which this egg-breaking plant is established is built of brick and 
is several stories in height. The room in which the eggs are broken was located in 
a corner of the second floor and faced two streets. It had three windows on one side 
and one on the other. In cool weather—which was but seldom—these windows were 
kept closed. They were screened against flies. A supply of air, which was washed 
but not chilled, was fanned into this room, but it was not considered adequate for 
ventilation. At one end of the room a raised concrete platform held a sink with hot 
and cold water and a small steam table; along one side of the room was another con- 
crete platform holding churns for the mixing of the egg. The remainder of the room, 
which was occupied by the egg breakers, was floored with hard maple. The walls and 
ceiling were plaster, white enameled. Two doors, one at each end of a side wall, 
served for entrance and exit. The temperature of the room seldom rose above 80° F. 

The 40 girls employed worked at five zinc-covered tables. One girl at each table 
presided over the other seven and was responsible to the foreman. White caps and 
hali-sleeve gowns were worn, completely covering all garments. 

Early in the season the eggs were emptied from the shells into white-enameled 
cups, three of which were set in a white-enameled pie plate. The shells were cut 
on a small piece of steel clamped acrossone cup. This apparatus is pictured in figure 
7. Yolks, whites, whole firsts, whole seconds, and tanners’ grades were made. The 
drippings from the eggs collected in the plates and were objectionable. A suggestion 
to the manager resulted in the placing of metal racks in the pie plates, thus lifting 
the bottom of the cups out of the drip. 
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The liquid egg was collected in agateware buckets holding 20 pounds. From these 
it was transferred to the churns and then drawn by a gate valve into the 30-pound 
cans, which served as the final containers. 

It was the custom of the girls in this house to use rags of various sorts for wiping 
fingers, cups, tables, and the floor indiscriminately. The utensils were washed in 
hot water, but frequently the girls, in an excess of zeal, would wipe a comparatively 
clean piece of apparatus on a wet bacteria-laden rag, thereby very largely undoing 
the good done by washing. Fingers were constantly wet. 

The supply of incoming eggs in the shell was chilled before candling. Frequently 
there was an interval of several days between the candling and the breaking of the 
egos. Even though the eggs were kept under refrigeration, it was found better to 
break immediately after candling (see p. 40). 

The work of the candlers was fair; but too many eggs that should have been stopped 
in the candling room found their way to the breakers. This resulted, as it always 
does, in lax grading and carelessness in changing apparatus after breaking a bad egg. 

The general principles of bacterial cleanliness to be striven for in the egg breaking 
were discussed with the management, and it was decided to try several breaking 
outfits and systems of operation, using the table of eight girls asa unit. From these 
experiments there evolved a new breaking outfit. This consisted of metal racks 
supported on a traylike base and having an adjustable knife, which could readily 
be removed after a bad egg had been cracked on it. Glass sherbet cups received 
the eggs. A mechanical separator of white and yolk, which could be attached to 
the knife, was also devised. 
Until this invention the 
shell method of separating 
had been used. 

The table was also modi- 
fied in that four holes, 
each about 5 inches in 
diameter, were cut in a 
row down the middle. Be- 
low these were set the shell 
cans and into them were 
fitted galvanized-iron fun- 
nels, that the shells might 
be more accurately and 
easily guided into the cans Fic. 7.—Outfit used for egg breaking before remodeling. 
below. 

Tissue paper was provided for drying fingers, and the rags were abolished. A little 
steam sterilizer was also rigged up for experimental purposes only. 

When the girls had become somewhat accustomed to the new forms of apparatus, 
some laboratory examinations were made of the output prepared under the old and 
the new conditions. The comparative results are given in Table 20. 


EXPERIMENTAL AND COMMERCIAL SAMPLES. 


A mixture of summer firsts and seconds when broken under the cleanly conditions 
just described and when the apparatus and containers were steam sterilized gave the 
results for white and yolk shown in Table 20, Part I, experiments Nos. 519 and 518. 
The total number of bacteria is low and B. colt were not found in a 1 to 100 dilution. 
A repetition of this test, using seconds only and the old type of breaking outfit, gave 
equally as good results, as is shown in experiments Nos. 526 to 528, inclusive. 

Cracked eggs, which had been candled the day before, were also broken on the 
new tray and with sterilized apparatus. The findings on these eggs are recorded in 
experiments Nos. 520 to 525, inclusive. It will be observed that grading became 
necessary in this experiment. From the two cases broken, the routine grading prac- 
tice of this house yielded 14 poundsof a second-grade liquid egg,and between 2 and 
3 pounds of tanners’ egg. The latter included the drip which collected in the 
breaking trays. The number of bacteria in white and yolk from these checked eggs 
were not very numerous, though higher than in the sound eggs of similar grade, 
The whole egg contained some that had soft yolks, and the second-grade whole egg 
consisted almost exclusively of eggs of this variety, with some that were beginning 
to sour. The very high bacterial content of the second-grade whole egg again indi- 
cates that a study of grading was needed to supplement that of cleanliness. The bac- 
teria in the tanners’ egg were reduced in number by the amount of drip which entered 
it. The drip from clean trays and cups is very different, bacterially, from that col- 
lecting on rough and unsterilized apparatus. 
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Clean seconds, after clean breaking and collecting, gave the products listed under 
Nos. 538 to 540, inclusive, and again in experiment No. 548. Again the yolks and 
whites showed less than 1,000 bacteria per gram. From lot 543 was obtained the 
sample of tanners’ egg, given in experiment No. 544. A count of 81,000,000 bacteria 
is accounted for by the fact that the egg was composed chiefly of green-white eggs, 
sour eggs, and the drip from the trays. 

The foregoing findings are encouraging in that they correlate bacterial findings with 
cleanliness and grading. To confirm this indication, similar eggs were broken with 
the old apparatus cleaned by water alone and using the old methods of procedure. 
Under such conditions, checked eggs from the same lot as those used in experi- 
ments Nos. 520 to 525 were broken and prepared as white and yolk as well as whole 
egg. The number of bacteria in these samples varied from 67,000,000 to 1,100,000, a 
sharp contrast to the experimental product Just discussed. The ammoniacal nitrogen 
is practically identical with that obtained previously. These eggs were traced through 
the operation of churning and drying, with the results shown in samples Nos. 530 to 
532, inclusive, the counts running between 2,600,000 and 4,400,000 on the liquid egg 
and reaching 27,000,000 for the dried product. The count on sample No. 532, how- 
ever, the dried product, must be divided by 3 to make it comparable with the liquid 
egg. It will be observed that every step in the process caused an increase in the 
number of organisms. Checked eggs commonly run higher in bacteria than do 
eggs with sound shells of comparable grade. It was, therefore, decided to break some 
sound, clean eggs by the old methods for comparative purposes. The findings are 
given as samples Nos. 541 to 550, inclusive, and show a maximum bacterial content 
of 33,000,000. This series traces the whole egg from the first collecting pails to the 
dried product. The initial count of the liquid egg, namely, 1,400,000, is comparable 
with that given for No. 530. 

Dirty eggs were also to be studied as checks and seconds had been. To this end 
samples Nos. 545, 546, and 547 were prepared. The clean routine gave a count of 
450,000 per gram, with 10,000 &. coli, whereas the old methods of breaking dirty 
eggs gave 8,700,000 total count and 1,000,000 B. coli. These eggs had unusually 
filthy shells and were a severe test of cleanliness of handling. 

Such preliminary experiments serve to confirm and extend the findings for houses 
B, C, and E, as seen during 1911. 


SEASON oF 1912. 
CHANGES IN CONSTRUCTION AND EQUIPMENT. 


The breaking room of F house was not reconstructed in strict accordance with the 
experimental requirements of this investigation because the management was planning 
to remodel the entire establishment in the near future. Some important changes, 
however, were made in the breaking equipment, and a separate wash room was built 
so that all utensils could be washed outside the breaking room. Plate VII and Plate 
VIII, figure 1, picture the latter with the equipment in 1912. 

The egg supply was conveyed to the breaking room in the usual shipping cases. 
Fillers were omitted, if the eggs were not cracked. These containers, and particularly 
the ones used for checks, carried more dirt into the room than was taken in by any 
other means. The galvanized-iron buckets shown in two of the pictures were used 
experimentally for cracked eggs. 

The breaking outfit used during the latter part of 1911 had been improved. (PI. 
VIII, fig. 1; Pl. X, fig. 1.) The tray was made of iron, heavily plated with tin. The 
eggs were broken on a piece of spun brass inserted in one portion of a tool-steel breaking 
knife. The whole was tinned. It was notched at each end to fit over set screws in 
the two uprights. The breaking cups were made of spun brass plated with aluminum. 
They were supported and held in place by small pieces of spun brass soldered to the 
bottom of the pan. These, also, were tinned. 

The pictures show the position of the cups in the tray. The one under the breaking 
portion of the knife caught the drip from the eggs while they were bring cracked; 
the second underneath the separator was used for whites and the one next for yolks. 
The fourth, located at one side of the drip cup, was used for soft eggs. Ii the eggs 
were not separated the fourth cup was not used. On the lower side oi the tray at 
each corner were soldered pieces of metal which served to anchor the outfit to the 
breaking stand. The latter was made of spun brass plated with tin. 

From a viewpoint of convenience of manipulation and ease of cleaning, the breaking 
outfit was very efficient. One defect, however, was the substitution of metal for 
glass cups. The former, on account of being opaque, interfered with grading in- 
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cipient forms of deteriorated eggs such as “beginning greens.’’ This difficulty was 
minimized, however, when the eggs were separated into white and yolk, because a 
very fair view of each egg was obtained during the process of mechanical separa- 
tion. Inasmuch as by far the greater part of the commercial product of this house 
was prepared from separated stock, this imperfection in the breaking apparatus was 
not as much of a detriment to the product as a whole as would be the case if used 
when whole egg constituted the principal output. 

After the eggs were broken they were poured from the cups into new 30-pound cans, 
which, alter one-half day’s service, were cleaned and used for final containers of 
frozen egg. The tables supporting the breaking outfit and the containers of the shell 
eggs and liquid egg were the same, with a few modifications, as used during the 
season of 1911. A fair idea of the construction of the tables and the arrangement of 
the apparatus on them can be ascertained from the pictures. The stools were of sani- 
tary construction. Particular attention had been given to the height of breaking 
. Sa tables, and stools, in order to make them comfortable and convenient for the 

reakers. 

Three new sanitary washbowls installed in the center of the room (Pl. VII) were 
used mostly for rinsing yolk from separators; a fourth (Pl. XI, fig. 2), located under 
the wash-room window, was used for washing hands. 

Linen towels about six inches square were used both for wiping hands after washing 
and for drying fingers during egg breaking. A towel was used only once, then laun- 
dered. A supply was kept on racks suspended above each table and on a shelf over 
the saehiuerl asiler the window. 

For the assistance of persons contemplating the purchase of egg-breaking equipment 
the following inventory is given of the number of pieces of small apparatus used by 
the 52 girls of this breaking room during the season of 1912: 


Breaking knives.........-.- se TB Aa Moor se WaracOnse srs sss serene el 97 
Rapes ener as 4.) | 309 | ALUMINUM spoons... 2... 255. s- 57 
LOSE a er ee Gl Hamper towelgecsant sews sve 4, 320 


From these data the number of utensils necessary for a room with a smaller or larger 
working capacity can be calculated. 

The wash room was 12 feet square; the walls were plastered and covered with 
- enamel, and the floor was made of cement. The latter sloped toward a drain located 
at one side of theroom. The washing equipment was unique; it consisted of a round- 
bottomed sink, two revolving brushes, two rinsing devices, a steam jet, a dairy ster- 
ilizer, a chute for transferring clean cans to the breaking room, and a sliding window 
for passing apparatus back and forth between the wash room and breaking room. 
(Pl. XI, fig. 2; Pl. XII, figs. 1, 2.) The equipment was so arranged that it saved 
time and labor. 

The sink was supplied with an abundance of hot and cold water and was furnished 
with a perforated draining rack. A pan beneath the latter conveyed the drippings 
back to the sink. 

The two mechanical brushes were driven at a speed of about 300 revolutions per 
minute by a one-quarter horsepower motor supplied with reducing belts. One of the 
brushes originally designed for cleaning milk bottles was used to wash breaking cups; 
the other was specially constructed by bolting ordinary scrubbing brushes to an 
aluminum center and was used for scrubbing 30-pound cans that were smeared with egg. 

The device pictured in the extreme right end of the sink consisted of a nozzle and 
a percussion valve connected with a water pipe. When the nozzle was pressed down 
the valve opened and water sprayed out. This mechanism was used for rinsing cups. 

The conical-shaped fixture at the left of the can brush was supplied with both a 
water and a steam jet and was used for rinsing and steaming large utensils, 


Routine of Handling Product. 


As soon as the preliminary container was full the eggs were transferred promptly 
to cool surroundings. The whites were weighed into either 10 or 30 pound cans and 
immediately conveyed to a freezer. The yolks and whole egg were poured into the 
mixing churns and cooled to a temperature just above freezing. If the liquid was to 
be frozen it was weighed into 30-pound cans and taken to a freezer; if the egg was to 
be desiccated it was drawn off into 40-quart milk cans and taken to the drying room. 
The product, however, was kept in a chill room if any time intervened between 
cooling and desiccation. The desiccation of the liquid egg has already been dis- 
cussed in detail on page 15. | 
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CONDITIONS PREVAILING EVERY THIRD WEEK FROM MAY UNTIL SEPTEMBER. 
Visit No. 1 (first week in May). 


Organization of wash room.—The new washing equipment having just been installed, 
experiments were made to determine the quickest and most effective methods of 
cleansing the various utensils used in the breaking room. ~As a result of these 
experiments and observations working directions were prepared, which may be sum- 
marized as follows: 

1. Rinse new cans in running water and steam in the dairy sterilizer for at least 
10 minutes. If the cans show visible signs of uncleanness, such as dust, scrub before 
rinsing. 

2. Wash all utensils coming in contact with food egg in clean, lukewarm water 
containing soap powder. Use the revolving brushes for cleaning the breaking cups 
and 30-pound cans. Rinse the cups on the mechanical rinser. Wash the other 
apparatus with ordinary scrubbing brushes and rinse in running water from the 
faucet. Sterilize all the apparatus for at least 20 minutes. 

3. Keep the brushes sweet by frequent sterilization. 

4, Exercise particular care in scrubbing and rinsing the mixing chums. Run 
steam through a steam hose into each churn for five minutes. 

5. At noon wash spoons, knives, cups, and breaking trays; rinse and sterilize all 
but the last. Wipe off tables. Put new sterilized cans on them in place of those 
used to receive the broken eggs during the morning. 

6. At night cleanse all apparatus, sterilize the pieces coming in contact with food 
ee, and perform the other necessary cleaning, such as scrubbing floors, washing 
walls, etc. 

Bacteriological examinations showed that the churns, after being carefully washed 
with warm water containing soda, rinsed thoroughly, and steamed for five minutes, 
were practically sterile. The churns were so constructed that the brine could not 
be drawn from the cooling coils. On account of the expansion of the cold liquid it 
was impossible to steam the churn longer than five minutesatone time. Because 
of the importance of the cleansing previous to steaming this work was delegated to a 
picked crew of girls. 

Experiments similar to those carried on in the new wash room were undertaken in 
the workroom in which utensils from the egg-drying room were cleansed. The wash- 
ing equipment for this work was located on a drained cement floor and consisted of a 
steam jet and a sink supplied with hot and cold water. All apparatus was being 
thoroughly washed, but not rinsed; the larger pieces were being heated for a few 
seconds over the steam jet. The pieces of hose used to convey the liquid egg from 
the supply tanks to the troughs feeding the belts were scrubbed on the inside with 
a specially devised brush, rinsed and steamed. | 

Laboratory tests of condensation water from apparatus washed and steamed as © 
described showed about 200 bacteria per cubic centimeter. An examination.of sterile © 
water passed a few times through a cleansed hose also disclosed several hundred 
organisms to the cubic centimeter. 

Inasmuch as the heating of apparatus over a steam jet Was inconvenient, time con- 
suming, and did not insure sterilization, a box sterilizer was planned, so that the small 
utensils from the drying room and the milk cans used to transfer the liquid egg from 
the breaking room could be sterilized for 20 minutes. The supply tanks to the belts 
were too large to put in the sterilizer. Consequently, they were sterilized by passing © 
steam into them irom a hose. A rinsing jet was also installed in the sink. These © 
additions to the washing equipment greatly simplified the work of this department. | 

The efficient operation of the two wash rooms insured thorough cleansing of all | 
utensils coming in contact with liquid food egg. 

Breaking stock.—The breaking stock of this house consisted of small, dirty, and 
cracked eggs sorted by inspection from the current receipts of this house, its several 
branch houses, and a few neighboring packers who did not have facilities for egg 
breaking. The firm did not pay for leakers and moldy eggs occurring in “checks” 
from the latter source. * 

The breaking stock of this period consisted chiefly of cracked eggs, because a larg 
percentage of the smali and dirty eggs vere being shipped in the shell. The firm 
began candling checks on April 12, 1912, and current receipts on May 6, 1912. { 

Organization of breaking room.—The foreman of the breaking room was eminently — 
qualified for his position on account of his training and executive ability. He had 
been in charge of this breaking room from the time of its establishment, and previous — 
to that time he had supervised a candling room. Consequently, he was familiar with ~ 
the various classes of eggs occurring throughout the season. ; 
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At this time there were about six tables in use, each having a capacity of eight girls. 
Inasmuch as the successful operation of this room required constant detailed super- 
vision, one girl at each table was made responsible for the work of the other seven, 
as in 1911. The foreman gave his orders to the table chief rather than to each 
individual girl. With such an organization it was possible for the management to 
pccurate changes and to make rules for routine and be assured that they would be 
enforced. 

The product—The management was preparing frozen whites, frozen tanners’ egg, 
dried yolks, and a dried mixture compounded from one part yolk and two parts whole 
ege. The latter product was termed in this investigation ‘“‘mixed egg.”’ 

Two series of experiments showed, as ulustrated in Table F-I (Appendix, p. 80), 
that the liquid egg was not contaminated as it passed from the cans on the breaking 
tables through various containers to the drying room. 

The mixed egg sarapled for these observations was broken from cracked eggs. The 
bacterial content varied from 800,000 to 1,300,000 per gram in the different samples. 
The lowest number of B. coli observed was 1,000 and the highest 100,000 per gram. 

The percentage of ammoniacal nitrogen found in two samples of mixed egg was 
0.0017 on the wet basis. In five samples of whole egg used in the preparation of this 
product, the amount of this constituent varied from 0.0014 to 0.0017 per cent. These 
nitrogen determinations prove, therefore, that the classes of spring eggs used in the 
preparation of mixed egg were, commercially speaking, fresh. 

wo samples of desiccated product prepared from the two lots of mixed egg, 
taken in connection with the study of outside contamination, contained 650,000 
bacteria per gram in one case and 1,000,000 in the other. These counts, when 
divided by 3 to make them comparable with liquid egg, indicate that bacteria were 
killed during desiccation. The moisture content averaged 11.85 per cent in these two 
samples taken directly from the belts and 4.32 per cent after secondary drying. The 
bacteria in the two products were not materially affected by the latter process. 

Two samples of desiccated yolk, as given in Table F-II, visit 1 (Appendix, p. 81), 
showed the widely divergent counts of 71,000 and 17,000,000 per gram. The latter 
count was probably caused by multiplication of bacteria during desiccation because the 
highest number discovered in 19 samples of liquid-food egg was not over 1,300,000 per 
gram. Later samples also justify this supposition. 

Samples of white, yolk and tanners’ egg obtained from cracked eggs by four girls 
using the same receiving cans gave the results shown in Table 21, visit 1, which 
indicate that the eggs were of good quality; that they were graded carefully and that 
the technic of breaking was clean. Since the white and yolk were obtained 
from only two cases of eggs, the counts can not be taken as an indication of the bac- 
terial content of the general output. This statement is verified by the differences in 
the number of bacteria in various lots of breaking-stock eggs opened under the same 
conditions as the samples just discussed. For example, counts of 600, 500,000, and 
600,000 were obtained from three different cases of checks, and 300 and 600,000 from 
two lots of seconds. 


Visit No. 2 (May 20 to 24). 


The breaking stock consisted of one-half small and dirty eggs and the other half 
checks. All receipts were now being candled, consequently the breaking stock was 
practically free from deteriorated eggs with the exception of those which could be 
detected only when out of the shell. 

After the new box sterilizer was installed for steaming utensils from the drying 
room, there was practically no contamination of the product from improperly cleansed 
utensils. The bacteria in the liquid-food eggs were, therefore, due to the organisms 
occurring Lapel in the shell eggs and to contamination during breaking. The 
problem henceforth was to determine to what extent the bacteria from these two 
sources could be eliminated. 

Since the previous visit the management had changed the system of grading. Eggs 
showing no signs of deterioration were used in a first-grade product in the form of 
either whole eggs, whites, or yolks. Soft eggs, not separable into white and yolk 
were used in the whole eggs and graded as firsts. A typical soft egg is also pictured 
in Plate XIV. The commercial mixture was made from yolks and whole eggs. A 
_ second-grade food article was prepared from drip and incipient forms of sour, moldy, 
green-white eggs and all eggs ofa doubtful quality. The third grade, or tanners’ egg, 
was made of the rejects from the candling and breaking room, minus eggs with a 
strongly objectionable odor, such as musty eggs. Since good eggs have to be discarded 
when a bad egg is broken in a cup with them, a large number of good eggs were also 
present in the tanners’ stock. . 
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Three consecutive samples of “‘mixed egg” taken from the hose, from the drying 
belts, and after secondary desiccation, contained 6,800,000, 10,000,000, and 21,000,000 
bacteria per gram, respectively. The ammoniacal nitrogen in the liquid egg was 
also high for spring eggs. These results were the exception, for a second sample, 
liquid “‘mixed egg,’’ had a low percentage of ammoniacal nitrogen and showed 470,000 
bacteria per gram. Additional specimens of the desiccated product contained not 
more than 800,000 in four cases and 3,100,000 in a fifth. The results cited are charted 
in Tables F-I, F-IIT, and F-IV under visit No. 2. (Appendix, pp. 80,82, and 83.) 

Four samples taken from cans on the breaking tables gave interesting results, as 
shown in Table 21. The whites and yolks had a higher bacterial content than is ordi- 
narily found in spring eggs. The counts of the soft and second-grade eggs were 
35,000,000 and 27,000,000, respectively, whereas the amount of ammoniacal nitrogen, 
as calculated on the dry basis, was 0.0084 and 0.0182 per cent, respectively. It will 
be noticed that, although there were more bacteria in the soft eggs, they did not show 
as much chemical change as the second-grade product. This can, perhaps, be 
explained on the ground that even sterile eggs show an appreciable increase in loosely 
bound nitrogen atter long keeping, due, in all probability, to enzyme action. 

Three other samples of the second-grade eggs proved to be heavily infected (27, 47, 
and 58 million bacteria per gram), as illustrated in Table F—V (Appendix, p. 84) under 
visit No.2. Since the water content of this grade of eggs varies with the amount of 
drip, or albumen contained in it, the chemical results must be calculated on the dry 
basis before conclusions can be drawn. The percentage of ammoniacal nitrogen in 
these three samples, thus figured, was practically identical with that found in tannersg’ 
egg (0.0111 to 0.0182 per cent). Additional samples of this grade of egg were taken 
on the next visit. 

Visit No. 3 (June 10 to 15). 


The firm began purchasing its receipts on a quality basis on June 1, 1912, conse- 
quently shrunken eggs were included in the breaking stock as well as small, cracked, 
and dirty eggs. The checks constituted 40 per cent of the eggs broken. 

The candlers were doing painstaking work as usual; the girls, as a whole, were 
breaking the eggs in a remarkably clean manner. The breakers had been instructed 
to change all apparatus after eggs put into the second-grade product. This precaution 
was necessary In order to prevent contamination of the No. 1 product, since samples of 
the second grade taken on the last visit proved to be heavily infected. 

Three series of samples taken at random from the different grades at one breaking 
table proved, as illustrated in Table 21, that in all but one case whites, yolks, and 
whole eggs graded as firsts had a low bacterial content. The one exception was 
sample No. 4511, prepared from eggs not separable into white and yolk. This specimen 
showed 14,000,000 bacteria per gram and 0.0029 per cent ammoniacal nitrogen on the 
wet basis. These results are higher than those ordinarily found in food ege and 
indicate the presence of eggs which should have been put into the second-grade 
product. The latter, as given in Table F-V (Appendix, p. 84) and Table 21, showed 
deterioration, both bacteriologically and chemically, as would be expected from the 
low quality of the eggs used. These results, with the exception of sample No. 4511, 
indicate that the grading in the breaking room was being done fairly well. 

Samples taken from component parts of the second-grade product gave the following 
results: 47,000 and 1,900,000 bacteria per gram in two lots of drip; 210,000,000 in whites 
and 26,000,000 in yolks of eggs with lght-green albumens; and 440,000,000 in ‘‘begin- 
ning sour” eggs. The latter contained an amount of ammoniacal nitrogen comparable 
with that found in tanners’ egg. These data amply explain the cause of the low 
quality of the second-grade eggs. 

Two samples representing 400 pounds of commercial liquid yolks had less than 
500,000 organisms to the gram. An examination of similar yolks, before and after 
secondary drying, showed the astoundingly high counts of 110,000,000 and 95,000,000, 
respectively. A third sample had a similar bacterial content. A laboratory exam- 
ination of mixed egg from the churn disclosed 1,000,000 organisms to the gram; the 
same test applied to nine samples of dried mixed egg proved that 44.4 per cent of the 
counts were 39,000,000 or over. These results point conclusively to multiplication of 
bacteria during the process of desiccation. 


Visit No. 4 (July 1 to 6). 


Owing to a shortage in receipts, the firm was breaking firsts in addition to the 
regular breaking stock. The latter now consisted of 22.1 per cent firsts, 41.5 per cent 
seconds, and 36.3 per cent checks. 

The firm had elaborated the system of checking the work of individual workers so 


that the errors of candling were reduced to a minimum, Not only were good eggs 
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saved, but bad eggs, detectable by the candle, were practically eliminated from the 
shell eggs used for food purposes. 

The girls were doing exemplary work. The fact that laboratory results proved 
that portions of the No. | product contained eggs which properly belonged in the No. 2 
liquid eggs, or perhaps tanners’ grade, was not to their discredit, because of the prac- 
tical impossibility of making three grades of eggs. 

A sixth series of samples taken from the grading tables showed irregular results. 
The whites contained 29,000 bacteria, as compared with 5,300,000 in the yolks. 
The soft eggs, however, had only 130,000, which number proved that these eggs were 
being graded carefully. The sample of second-grade eggs showed considerably less 
infection and less decomposition than usual; the bacterial content was 10,000,000 
per gram, and the percentage of ammoniacal nitrogen was 0.0052 on the dry basis. 
The chemical analysis also proved that this product contained 84 per cent of drip, or 
albumen. The latter always gives a low percentage of ammoniacal nitrogen and, in 
many cases, low bacterial counts. Three samples of drip taken during this interval 
gave the variable counts of 10,000, 240,000, and 13,000,000 per gram. 

In order to determine the cause of the high counts observed in the dried product 
prepared on the previous visit, seven samples of mixed egg before drying were taken. 
The laboratory examination gave, as shown in Table F-III, a minimum number of 
700,000 and a maximum of 3,700,000 per gram. In no case was the percentage of am- 
moniacal nitrogen excessive. It would appear from these results that the bacterial 
content of the liquid stock did not account for the large numbers found in the desic- 
cated product. Six samples of dried yolks and 11 of desiccated mixed egg gave, as 
shown in Tables F-II and F-IV (Appendix, pp. 81 and 83), in all but three cases, 
counts varying from 14,000,000 to 200,000,000 per gram. 

Three series of samples taken of the product before and after drying showed, in 
two cases, as given in Table F-VI (Appendix, p. 85), under visit No. 4, a considerable 
multiplication of bacteria in the eggs during desiccation, the counts increasing from 
about 1,000,000 to 36,000,000 and 50,000,000 per gram. There was no apparent increase 
while the egg was subjected to the process of secondary drying. 

The foregoing data indicate that the high counts found in some of the samples of 
the final dried product were due to the development of bacteria in the liquid egg 
during desiccation. The preparation of dried eggs was discontinued shortly after 
this visit, hence the study of the conditions leading to the increased number of organ- 
isms during desiccation could not be continued in this plant. 


Visit No. 5 (July 22 to 27). 


The fifth visit to this house was made during the week beginning July 22, 1912. 
The breaking stock was composed of about one-half firsts and one-half a mixture of 
seconds and checks. 

There was a large number of badly deteriorated eggs in receipts, due to the hot 
July weather. The candlers, with few exceptions, were doing good work. The 
breakers were handling the eggs in a clean manner and, to all appearances, were 
grading the eggs properly. 

Two series of samplesrepresenting egg as it left the breakers, as recorded in Table 21, 
gave the usual variable results. The counts of the white and yolk in the first series 
were higher than was found in any twosimilar samples taken during the season of 1912, 
over 7,000,000 per gram. The fact that the laboratory found no B. coli in the whites 
and only 10 in the yolks indicates that the technic of breaking was clean. The large 
number of bacteria may, perhaps, be accounted for by the low quality of July receipts. 
The soft eggs contained half as many and the second grade practically the same number 
of organisms as were found in whites and yolks. The percentage of ammoniacal 
nitrogen was slightly higher in the second-grade product than in the soft eggs. A 
second series of samples gave results very different from those just described. The 
whites and yolks contained comparatively few organisms, but the soft eggs and the 
second-grade product, on the other hand, had 63,000,000 and 92,000,000, respec- 
tively. The amount of protein decomposition in the two latter samples was large, as 
would be expected from the high counts above. The two series of samples taken on 
the same day, but from different tables, illustrate well the irregularity of the grading. 
The girls were conscientious, experienced egg breakers. The results, therefore, show 
ad sone the practical impossibility of commercially making two uniform grades 
of food egg. 

Table F—VII (Appendix, p. 86) gives the laboratory results of nine samples of 
sugared yolks taken from the mixing churns. Some of the lots were broken from 
firsts, others from seconds, and still others from a mixture of firsts, seconds, and cracked 
eggs. The lowest count was 34,000 from firsts and the highest 2,400,000 from checks. 
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Intermediate numbers of bacteria were obtained from the yolks broken from a mix- 
ture of the different classes of eggs. The chemical analysis in all cases indicated but 
a small amount of protein decomposition. 

Six samples of soft egg from the mixing churns and buckets contained, as-shown in 
Table F—-VIITI (Appendix, p. 87), large numbers of organisms in three cases and a com- 
paratively low number in the others. The percentage of loosely bound nitrogen in. 
these samples varied with the bacterial count; two samples, for instance, containing 
950,000 and 63,000,000 organisms per gram, had 0.0018 and 0.0031 per cent ammonia- 
cal nitrogen, respectively, on the wet basis. The latter amount is not ordinarily — 
found in food eggs. 

In order to study the various classes of eggs making up breaking stock, lots of 
15 dozen each were broken in a clean manner by expert graders. The counts were 
less than 25,000 in two portions of firsts, under 110,000 in two lots of seconds, and 
2,200,000 in one sample of checks. The amount of ammoniacal nitrogen in all of 
the samples was in accordance with that found in good food eggs. It would be ex- 
pected that the counts would be low in the firsts, somewhat higher in the seconds, 
and still greater in the hot-weather checks. Since all receipts become lower in 
quality as the season advances, the July firsts are not comparable with April firsts. 
For this reason the percentage of ammoniacal nitrogen is lower in April than in 
July eggs. 

Visit No. 6 (August 12 to 17). 


The sixth trip to this plant was made during the week beginning August 12, 1912, 
when, owing to the lateness of the season, the receipts had decreased considerably. 
The management was now breaking 51.9 per cent firsts, 27.9 per cent seconds, and 20.2 
per cent checks. On account of the extreme warm weather the egg supply contained 
a large percentage of low-grade eggs, among which were many blood rings and eggs 
with broken yolks. 

The vitelline membranes were so weak that it was a difficult matter to separate the 
eggs into white and yolk, consequently the larger proportion were canned in the form 
of whole eggs. 

The bacteriological and chemical results of four samples taken from the breaking 
tables proved, as shown in Table 21, that the grading was doneaccurately. The counts 
of whites, yolks, and soft eggs were reasonably low and that of the second-grade product 
very high. 

The batons content of four samples of sugared yolk was low except in one case 
(Table F-VII). Since a large percentage of the output now consisted of whole eggs, 
several samples were taken of this product after it was mixed in the churns. Table 
F-IX (Appendix, p. 88) shows that the count was not unusually high in any case and 
that the percentage of ammoniacal nitrogen was in accordance with the amount found 
in good breaking stock. 

A laboratory study was made of nine samples of liquid egg broken from three different 
classes of eggs making up the breaking stock. The eggs were broken in the packing 
house in a clean manner and graded carefully. From a bacteriological and chemical 
viewpoint the quality of the liquid product was very good, with the exception of two 
samples of cracked eggs and seconds (Nos. 4804 and 4908). The data substantiating 
this conclusion are correlated in Table 22. 


TABLE 22.—Different classes of eggs used for breaking stock (F house, 1912, visit No. 6). 


Bacteria per gram | Ammoniacal 
on plain agar in- | Gas-pro- | nitrogen (Folin 
ated Date of | cubated at— cucine method). Ae 
“Ne. | Description of sample. collec- feed a ane 
‘ tion Tlerto : 
° ° * Se Wet D 
20° C. 37° C. e A eistl eAGis 
Per.ct.| Per. ct.| Per. ct. 
4904 | Seconds, 30 dozen.....--..--- Aug. 5 |5,000,000 |5,100,C00 } 100,000 |.....---]..---..- 71. 41 
AQ: [2S O22 Gols LTE IN eo ee suet aee doce: 600,000 | 600,000 15 OOO *|kE 7 s5ee 5 ee Oe 70. 98 
4908 | Cracked eggs, 30 dozen....--]--- do: 4, 300, 000 |4, 260,000 |1, 000,000 | 0.0021 | 0. 0064 67. 33 
4909 |..--- CLO pes eee ino dae oe doze 850, 000 0 10s oee see ieeeeene 71. 60 
4912 | Current receipts, 30 dozen...|... doweze 7,000 6, 500 1,000 | .0016]} .0060 73. 32 
4915 | Current receipts, 12 dozen...| Aug. 6] 240,000 | 240,000 1c0 | .0016| .0057 72.05 
4916)}|22 5-2 GOsrey-ceeercere setae alee domeee 17,500 | 0 at 1,000 OP 2 eos eesey ie eee ere ete 
4944 |....... podocs sscoddtac sped oee Aug. 8 | 400,000 36, 500 WVU MN esesce Solesocssds|lsssee- - 
AOSG dl Ere mereainetrsine aici yale cio fe He Aug. 7] 450,000} 420,000 10] .0015} .0053 71. 62 
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CONDITIONS OBSERVED IN D HOUSE DURING TWO CONSECUTIVE YEARS. 
SEASON OF L911. 
CONSTRUCTION, EQUIPMENT, AND ROUTINE. 


D house installed during the winter of 1910-11 a breaking room, which at this time 
was the only one of its kind in the country. (Pl. VIII, fig. 2.) The room was 22 
by 28 feet. It was insulated with cork on the two outer walls and shavings on the 
two inner walls. The five windows in the room were insulated with five glasses and 
four air spaces, the outer pane being of prism glass. The entire room was of concrete 
construction, the floor being covered with nonabsorbent paint, the walls and ceilings 
with white enamel. The temperature varied from 60° F. to 65° F. The door of the 
room opened into a passageway which was divided off at one end for a wash room. 
The sink was equipped with steam table as well as hot and cold water, and wire 
racks for draining apparatus. 

The breaking tables (Pl. VIII, fig. 2) consisted of gas-pipe frames with slate tops. 
Resting firmly on these were galvanized iron stands, also with slate tops, holding the 
small breaking trays at a proper height for convenient work. (Pl. X, fig. 2.) The 
breaking pans were tin, about 1 foot square and about 3 inches deep. A groove at 
the top of the pan held a tin-bound piece of one-half-inch mesh wire cloth. Across 
this wire cloth, and separated by two tin uprights about 3 inches high, was stretched 
tightly another piece of heavy tin, thereby dividing the top of the tray into two halves. 
On this piece of tin, which was sharp, the eggs were broken. Sherbet cups were used 
to receive the eggs. The whites and yolks were separated by the shell method. 

The liquid egg was collected in cream pails holding 30 pounds. These, when filled, 
were emptied into a galvanized churn with a capacity of 200 pounds and mixed by 
hand with a perforated metal dasher. The mixture was drawn off by means of a 
creamery faucet into 25-pound tin cans and immediately transferred to the freezer. 

Only one grade of food egg, and no tanners’, was prepared. 

At first all cans and utensils were washed and steamed for one minute or less on the 
steam table whenever changed. Near the end of the season a creamery sterilizer was 
provided, then all utensils were steamed for 15 minutes at 212° F. The girls wore 
uniforms and caps. Paper towels were used for drying fingers. All the eggs were 
chilled before candlingin arefrigerated room. The supply of eggs from the candling 
to the breaking room was practically continuous, hence there was no time for dete- 
rioration between candling and breaking. About 15 filled buckets stood overnight 
to supply the breakers early in the morning. No egg cases were taken into this room, 
but galvanized buckets holding 12 dozen eggs each were substituted, because they 
were far more cleanly. The whites and yolks were separated by the shell method. 

The force consisted of one foreman, five to ten breaking girls, one or two women to 
wash apparatus, one messenger boy, and two candlers. Approximately 26,000 
pounds of frozen eggs were prepared in a week. 


COMPARISON OF COMMERCIAL AND EXPERIMENTAL SAMPLES. 


Table D-I (Appendix, p. 94) gives the laboratory results on 38 samples of white, 
yolk, and mixed egg prepared under the conditions just described. Twenty-four 
of the number, or 63.2 per cent, had a bacterial count below 1,000,000 per gram and 
the rest were under 5,000,000. The quantitative tests for B. coli never showed over 
100,000 per gram, and in many cases the number was considerably lower. The small 
amount of ammoniacal nitrogen found in the different samples showed that the eggs 
entering the product were of good quality. The laboratory findings confirmed the 
impressions gained by the observation of the routine in use, namely, that the man- 
agement was handling the ege according to the best methods known at that time. 

Table 23 gives five series of experiments showing the difference in bacterial con- 
tamination of eggs broken commercially from clean seconds as compared with the 
product obtained in the same manner from dirty eggs. All of the eggs used were of 
about the same freshness as shown by the uniform quantity of loosely bound nitro- 
gen in the different samples. Variation in quality, therefore, could have no influ- 
ence in these tests on the bacterial counts. The results in four out of five cases 
show that the organisms were present in much larger numbers in the product from 
the dirty eggs, although all the counts were fairly low. The B. coli in the majority 
of the tests were also more plentiful in the liquid from the dirty eggs. 
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TABLE 23.—Clean eggs compared with dirty eggs \D House, 1911). 


| 
Bacteria per gram | B 
on plain agarin- | Gas- | Lique- a 
a ae Dateof | cubated at— producing) fying | nitrogen 
eae Description of samples. collec- |pacteniat|) orsad-e | aecin 
saat tion Der Sra |) ASHIS Fa iarethiod 
| |in lactose per ae 
| CACO UN ayn ol | bile. gram. esi: 
Whole egg: 1911. Per cent. 
243 @leantshellsna2 sys ne eee July 12 29,500 | 100,000 LO). see eens 0.0017 
244 Dirty smells see fe. soe oe ea OOe ea lg 000 67, 000 10 | 2,000 . 0017 
234 Gleanishelis 2225-22 | July 11 4,900 3, 600 iL OOOi Ei seee eens - 0017 
235 Dirtyshellsy see soe eee ...do....| 190,000 | 140,000 LOO Ree Sah eeee: .0017 
353 @lesrsnelse a) 2 ees ee aa | July 24 () 68, 000 100s |. ees . 0018 
354 Dirty Shelises aes a eee ead Osea! 1, 700,000 |2,100,000 | 100,000 |.......... . 0016 
373 Clean Shelis=ee eee eee | July 25} 10,500 é 0} 10,000 0019 
374 Dirtyishellss 22 2 see le he do....| 960,000} 810,000; 10,000 | 210,000 - 0016 
385 Clean'ishells S535: " Ve eee July 26 77,000 | 240,000 | 10008) <2 neaeee 20018 
386 IDIrby SHeUSaeeeres oak See oe ee do... ./4, 700,000 |3,000,000 |1,000,000 |.......... . 0020 
i i 


1 Sterile at 1,000. 


The same differences in bacterial count were observed in the drip collecting in the 
bottom of the tray after breaking clean and dirty eggs. These results are given 
in Table 24. 


TABLE 24.—Drip in breaking tray from clean and dirty eggs (D House, 1911). 


Bacteria 
Ware per gram on Gas producing 
pie ate o ain agar acteria 
Number. Description of samples. collections Peaheren er gram in 
at room actose bile. 
temperature. 
Af 
Ail lean CS PSitoce sce eka P Lasko me tee ete July 25,1911 24,500 shor ee 
4 (oi [See COs 5 sae che sacs 3 hoe aoe hs Be Peale ee doseeeee= 32,500 i|=2 o.oo eee 
BSialecsce Oe on eso ee ee See eee te ae oe eee July 26,1911 95, 000 1, 000 
BOSS case LO eee eee Se ee awe ane cee beree dol eee 81,000 10, 000 
108 
BLU SDITtyjCSES i ee oxo tee ee ee Se Sees July 25,1911 450, OOO iste ces 2s 
ats) | ose CLO er eo ae A Bee ects eee ol ee does. 410; O00|/2a53-2ee eee eee 
389 |....- CO nae oe ee ee ee reg Bae ters July 26,1911 1, 600, 000 - 100,000 
390) fe LOL ie ache os ee ea ee ao Se en GO! eee 600, 000 1,000 


A SPECIAL STUDY APPLYING INFORMATION OBTAINED DURING THE SUMMER OF 1911 TO 
A WELL-EQUIPPED HOUSE, 


The construction of the room in D house was excellent and the equipment good. 
Cleanliness could be maintained and the work people were flexible. It seemed de- 
sirable, therefore, to put into practical operation in this house the information on the 
handling of frozen eggs that had been gathered during the course of investigations in 
1911. The first week of September, 1911, was chosen for this series of experiments. 
The weather in that section of the country had been very hot and humid, and the 
deterioration of the egg supply had hastened accordingly. It was the season also for 
the tall weeds to fall, hence many stolen nests were discovered and their contents sent 


to market. These factors combined to give a supply of eggs that were very difficult 


to grade, and the loss in both the candling and breaking rooms was heavy. 

The candlers and breakers have an inherent tendency to keep the records of losses 
as low as possible, thinking that they are benefiting their employer thereby, hence the 
candler will pass eggs that should be discarded, and the breaker, after throwing away 
a certain number, will begin to save eggs that she would not have used had their number 
been fewer. This condition prevailed in D house at the time of the experiments and 
was caused by the sudden influx of low-grade eggs. It was necessary, therefore, to 


See ee ee oe 
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supervise the work of the candlers and the grading of the breakers as well as to instill 
the fundamentals of bacterial cleanliness into the people cleaning the apparatus. 

A dairy sterilizer had been installed and it was found that 20 minutes at 210° T°. was 
sufficient to render cups, cans, and breaking knives sterile. All apparatus coming in 
contact with the ege was, therefore, subjected to this treatment. The churn in which 
the eges were mixed and the pails in which the liquid ege was collected were steril- 
ized at noon and again at night to be in readiness for the work of the next morning. 

It was observed that many of the eggs had very weak yolks and some had cloudy 
whites, but the greatest number of rejects were broken-down blood rings. These eggs 
were diflicult to grade and were in such large proportion that the breakers became lax 
in grading, as stated before. Utensils were clean, but the hands of the breakers were 
wet and their manipulation of the egg was not exact. 

The samples in the first section of Table 25 were taken when the conditions just 
described prevailed. The ammoniacal nitrogen was not high and the bacterial count 
varied from 650,000 per gram in the white to 2,300,000 in the yolk. It seemed de- 
sirable, however, to investigate the influence on the bacterial count of more careful 
erading in the breaking room. Samples Nos. 652 to 654, inclusive, show that care in this 
quarter alone is not enough if there is poor grading in the candling room, as the counts 
still varied from 220,000 in the white to 1,800,000 in the mixed egg. Three girls 
were then instructed to handle the eggs in the usual fashion, but to be exceedingly 
careful to eliminate every doubtful egg and to replace soiled with clean apparatus 
whenever an egg was discarded—a precaution which had sometimes been neglected 
because of the number of discards. The work of each of these girls was tested sepa- 
rately. The number of bacteria in the product prepared by them was low, as is 
evidenced in samples Nos. 661 to 666, inclusive, the counts exceeding 1,000 per gram 
in only two cases, and these not exceeding 310,000. 

Later in the same day the supply of eggs coming from the candling room was plen- 
tifully sprinkled with undesirable eggs—stuck spots, broken yolks, disintegrated 
blood rings, etc. With such a supply two of the girls were instructed to handle the 
eggs as accurately as possible, cracking sharply, turning quickly to prevent leakage, 
emptying shells neatly, and keeping fingers clean and dry by means of tissue paper. 
The results are given in samples Nos. 668 to 671, inclusive. The counts are high; in 
fact, that of 18,000,000 in the white is far beyond any other count in the whole series 
and can not be explained by any observed condition. With a better class of eggs 
though the work of the candlers was still unsatisfactory, samples of yolk, white, an 
mixed egg, handled in as cleanly a manner as the girls were capable of, gave the 
results shown by samples Nos. 672 to 674, inclusive, the mixed egg running up to 
1,700,000 bacteria per gram. 

Closer attention to grading in the breaking room resulted in the elimination from the 
output of the house of many eggs that were considered ‘‘doubtful.’’ They were col- 
lected in a clean pail and examined. Sampies Nos. 656, 679, 680, and 681 show that 
the number of bacteria was, in all but sample No. 680, decidedly above that usually 
observed, varying from 1,600,000 to 19,000,000. The loosely bound nitrogen was not 
hich. The eggs going to make up these samples had soft yolks, disintegrated and 
bleached blood rings, milky whites, yolks so heavily settled that they were almost 
adherent, and almost all of them showed evidences of having had wet shells. The 
hot, humid weather, and eggs from stolen nests would seem sufficient reasons to ac- 
count for the presence of these deteriorated eggs and their number. 

Improvement on the part of the candlers was now demanded. Their first efforts, 
supplemented by careful grading and handling in the breaking room, were encour- 
aging, as indicated by samples Nos. 675 to 678, inclusive, where the output of only 
one breaker contained enough organisms to be worthy of consideration, that is, 2,200,- 
000 per gram, the others varying from less than 1.000 to 64,000. 

Still more exactness on the part of the candlers, as well as better receipts, and the 
same care, with the better work that practice in the cleanly way of holding the ege 
eave to the breakers, yielded the output samples in the series Nos. 682 to 690. The 
total number of organisms was reduced to less than 1,000 per gram, except in two 
specimens; the organisms of the coli group were almost eliminated. The breakers 
worked steadily and rapidly. With the better grading in the candling room the loss 
of time, due to changing soiled for clean apparatus, washing hands, etc., was saved, 
and the judgment of the breaker when accepting an egg as satisfactory was more 
eiictortny. 
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SEASON oF 1912. 
CHANGES IN CONSTRUCTION AND EQUIPMENT. 


The construction and equipment of D house needed but little further alteration to 
bring it into accord with the information gained during the previous season. One of 
the most important additions in equipment made during the season of 1912 was 


the installation in the breaking room of a sanitary washbowl with running water. 
This convenience saved considerable time, because formerly whenever a girl broke 


an infected egg she had to go outside of the room to wash her hands. 

In the season of 1912 the passageway outside the breaking room was converted into 
an anteroom opening into the breaking room on one side and into a newly constructed 
freezer on the other. The wash room, which formerly occupied this passage, was 
transferred to a large storeroom into which the third door of the anteroom opened. 
The fourth door of the anteroom led to a toilet room for the breakers. 

The new freezer was well insulated, the walls and ceiling were enameled white, 
and the floor was made of hard maple. Along two sides of the room were brine-pipe 
racks on which the 30-pound cans of liquid egg were set while freezing. One side 
of thisroomis pictured in Plate XIII, figure 1. The proximity of this freezer to the 
breaking room greatly facilitated the disposal of the eggs after they were broken. 


CONDITIONS PREVAILING EVERY THIRD WEEK FROM APRIL TO SEPTEMBER. 
Visit No. 1 (May 6 to 11). 


At this time the breaking stock consisted of small, cracked, and dirty eggs sorted 
from the current receipts of this house and other houses within convenient shipping 
distance. 

On the first day of the visit the eggs were not being candled. It was observed that 
the girls in the breaking room were annoyed by the frequency of the bad eggs which 
could have been eliminated by candling. The management on the next day began 
candling the eggs bought from other houses for breaking purposes. This change in 
routine, however, only partially corrected the trouble in the breaking room, because 
the work of the candlers was inefficient and because the current receipts of D house 
were not graded before going to the breakers. 

Most of the egg breakers had worked the previous season, consequently they had 
received the benefit of the week’s training in September, 1911, when they were 
taught the principles of bacterial cleanliness as applied to the handling of a food 
product and as far as possible the essential points to be observed in the grading of eggs 
out of the shell. These instructions were codified and a written copy given each 
girl to be followed by her in her work during the ensuing season. Their observance 
had considerable influence on the cleanliness of the product. In substance the rules 
were as follows: 

1. Hands and uniform must be kept clean. 

2. Do not use any apparatus coming in contact with food egg unless it has previ- 
ously been both washed and sterilized. 

3. Breaking the eggs.—Grasp the egg with the thumb, first and second fingers of the 
right hand. Give the egg a quick blow on the sharp part of the knife with sufficient 
force to make an even cut just through the shell and its membrane. Quickly turn 
the crack upward so there will be no leakage from the egg while it is being trans- 
ferred from the knife to the cup. With the first and second fingers on the ends of the 
egg, use the tips of the thumbs to pull the two halves of the shell apart. To empty 
the shell turn each half directly upside down so that they do not touch each other 
and drain for the length of time to count one, two, three. Do not let the cups 
touch the kniie. 

4. When separating white from yolk, have three cups on the tray. Put two on the 
side which gets the best light, far enough back to be able to crack the eggs on the 
knife well beyond thecups. Put the other cup on the other side of the tray behind the 
breaking place on the knife. Put the white into the first cup, the yolk into the 
second. The other cup on the opposite side is for soft or doubtful eggs. Never sepa- 
rate dirty eggs by the shell method. or 

5. Drying fingers.—Only the tips of the fingers should touch the eggs. They should 
be dried frequently on tissue paper. : 

6. Use two cups and, unless bad eggs are prevalent, put two and no more into each 
cup before emptying. ; 

7. Smell and look at every cup of eggs carefully beforeemptying, =. 

8. When emptying cups, pour out eggs, then touch edge of cup against inside of can 
at least 2 inches below the rim. Do not, therefore, fill cans too full. 

9. Eggs to be discarded.—Musty, moldy, and sour eggs, eggs with a bloody or green 
white, mixed rots, eggs with a stuck yolk, white rots, and eggs with a bad odor. 
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10. Cleaning after a bad egg.—Remove all pieces of apparatus with which the egg 
has come in contact and wash hands before getting clean equipment. For instance, 
if the infected egg has reached the cup, a recently sterilized knife and cup will be 
required, or, if the egg spattered on the tray, the entire outfit will have to be replaced. 
When a bad egg is present in the cup with good ones, all must be thrown away. Spoon- 
ing or pouring out what can be seen of a bad egg is not allowed. 

11. Have cups, knives, trays, churn, and collecting buckets washed and sterilized 
at noon and again at night. 

12. Never break eggs while the room is being swept or for one hour afterwards. 

The girls, eight in number, were apt, intelligent, and desirous of learning the under- 
lying principles involved in the preparation of clean, wholesome canned eggs. Their 
work at this time was good except in one detail—they were not washing hands after 
every discarded egg, an excusable omission, because they had to go through two 
doors to get to running water. This inconvenience was obviated when the sanitary 
washbow! was installed. 

A few minor pieces had been added to the list of breaking equipment. For ex- 
ample, screens for the bottom of the egg pails; racks for the handling of the cups in 
and out of the sterilizer, etc.; and two removable shelves under each breaking stand, 
one for clean cups and knives and the other for the same when dirty. 

The sanitary conditions in the breaking room were excellent. Laboratory tests 
showed that all the utensils, after sterilizing according to the regular routine, were 
sterile and that the gir was practically free from bacteria. The latter was controlled 
by fumigating the room once a week with formaldehyde and potassium permanganate. 

This house began to break eggs about April 10. On April 17 three samples from 
checked eggs were taken. Their bacterial examination showed, as given in Tables 
D-II and D-III (Appendix, pp. 96 and 98), under this date, the exceptionally low 
count of 5,100, 100, and 200 organisms per gram for mixed egg, white, and yolk, respec- 
tively; and no B. coli in the sample of white and only 100 in the other two samples. 
The amount of ammoniacal nitrogen for the three specimens was identical with that 
of fresh eggs. Onaccount of prompt handling and cool weather the cracked eges had 
not deteriorated previous to breaking. 

Similar samples obtained for the most part from cracked eggs were procured during 
the regular visit in the early part of May when the output per day was one-third 
more Fah it was at the time of the preliminary visit. The laboratory results still 
showed a comparatively low bacterial content, as indicated in Tables D-II and D-III 
under visit No. 1, but there is observed an increase as compared with the count of the 
previous samples. The white contained 13,500, the yolk 64,000, and the mixed egg 
170,000 organisms per gram. The B. coli in each of these specimens numbered 1,000 
Peel There was also slightly more loosely bound nitrogen in the eggs at this 

erlod. — hae 
r The differences in the number of bacteria and the ammoniacal nitrogen in the two 
lots of samples are almost negligible from a practical viewpoint. They are, however, 
readily detected by laboratory methods, and are probably due to an increased rate of 
deterioration in the cracked eggs because of warmer weather. 


Visit No. 2 ( May 27 to 31). 


The second series of observations in this house was made when practically all the 
additions and changes in equipment had been installed. The sanitary washbowl and 
the remodeled breaking tray were in operation. 

Plate X, figure 2, shows a girl at work with the remodeled apparatus. Onherright 
in a galvanized-iron pail is her egg supply; at her left on the table is the 25-pound 
cream pail for the liquid egg, and on the floor the can for the shells; in front of her 
on the breaking stand is the breaking tray. Underneath the stand can be observed 
the shelves for holding the supply of apparatus. Over the girl’s head is suspended a 
package of tissue paper (not shown in picture) for drying fingers. 

The new breaking tray, about 1 foot square and 2 inches deep, consists of a copper 
pan for the drip, a wire screen for supporting the cups, and a breaking knife of boiler 
steel, the different parts being arranged as pictured in Plate X, figure 2. The panis 
tinned on the inside. The ends of the blade are so beveled that they fit into V-shaped 
openings in the two uprights on the screen. One end of the upper side of the knife 
issharpened forabout3inches. An egg can be broken on this edge without splinterin 
the shell and with very little leakage from the crack while the egg is being faitsrerted 
from the knife to the cup. 

This firm began buying its eggs on a “quality basis” on the Ist of June. The lots 
coming in during the earlier part of the day were taken to the candling room, which 
was now under refrigeration and immediately graded; those received late in the after- 
noon were kept over night in a chill room at about 32° F. and candled the next day 
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All of the eggs, however, would have been chilled 24 hours before they were graded 
but for the fact that many of the vendors insisted on payment on the date of the sale. 

The present system of buying insured the grading of all eggs going to the breaking 
room. The breaking stock now included shrunken eggs candled out of receipts as well 
as small and cracked eggs. On account of the dry weather there were not many dirty 


eges at this time. There were but few badly deteriorated eggs in the supply, conse-. 


quently the work in the breaking room was not materially affected by the kind of 
work done in the candling room. > 


The maximum daily output of canned eggs at this time was practically the same as | 


the first week in May. The weather had not yet become sufficiently warm to produce 
many seconds; therefore, the supply of eggs for breaking purposes was chiefly small, 
dirty, and cracked eggs. 

In two experiments in which both the white and the yolk of the egg were exam- 
ined, the bacterial count, as given in Table D-III, visit No. 2, (Appendix, p. 98), 
was not higher than similar samples taken in April and early May. The third pair of 
samples had in the white 1,500,000 and in the yolk 950,000, a considerably higher 
count than has been observed heretofore. The B. coli also had increased decidedly. 
The higher count in these samples may be due to the fact that clean and dirty eggs 
were sent together to the breaking room. The girls who were separating by the 
shell method were instructed not to break dirty eggs, but they, of necessity, had to 
handle them and, therefore, fingers were soiled. The fact that there were more bac- 
teria in the white than in the yolk lends color to thisinference. Previously, when the 
dirty eggs were more plentiful, the candlers sorted them into lots by themselves and 
they were broken for mixed ege. 

Three samples of mixed egg from seconds, as recorded in Table D-II, under visit 
No. 2, (Appendix, p. 96), had a minimum bacterial content of 320,000, a maximum of 
950,000 organisms per gram, and a range in the number of B. coli from 1,000 to 10,000. 
These counts are considerably hicher than any found in previous samples; the amount 
of loosely bound nitrogen had also slightly increased. 

Twelve samples of mixed eggs taken each working day during the interval between 
the second and third visit (see Table D-II, under dates May 29 to June 15, inclusive), 
showed no material increase in the bacterial content and no change in the ammo- 
niacal nitrogen. In fact, many of the counts were lower. Six of the samples con- 
tained less than 400,000 bacteria per gram; the number in the other six was not over 
2,200,000. The maximum count of this series of experiments was higher than has 
been found in samples taken at an earlier date, but the average was about the same. 


Visit No. 3 (June 17 to 22). 


The third visit was made between the dates June 17 and 22, inclusive, when, owing 
to prolonged cool weather and a shortage in the egg supply, there were few seconds to 
be used for breaking. The number of girls in the breaking room had been reduced 
from eight to four, and often they worked for only part of a day. The eggs-were of 
good quality, so the grading was comparatively simple. A tanners’ grade was being 
made of the discards in the breaking room. ‘The preparation of this grade, however, 
was soon abandoned. 

At this time there were obtained eight samples of food egg, of which five were whites 
and three yolks.. The laboratory examination showed that neither the bacterial count 
nor the amount of ammoniacal nitrogen had increased when compared with the results 
obtained from similar samples taken previously. 

Three samples were also taken of the tanners’ eggs, which, as would be expected, 
were heavily infected with bacteria, the number aggregating, in some cases, more than 
100,000,000 per gram. The high amount of ammoniacal nitrogen, about treble that 
found in the food eggs at this time, indicated to what degree the material had deterio- 
rated. These results are given in Table 26. 


TapLe 26.—Commercial samples of tanners’ liquid.egg—Discards from breaking room 
(D house, 1912). 5 


Bacteria per Sct on Gas- Ammoniacal 
plain agar incubated oducin : : nitrogen j 
Sam- Dateof | at— Procteriae | Liquefying | (Folin method).| yois- | Size of 
ple . | collec- per gram organisms sam- 
T 7 . 
No. iz tion. ae aii in lactose | Peé STM. | wet Dry ; ple. 
S ; ; bile. basis. | basis. 
Perct. | Perct.| Perct.| Lbs. 
4555 | 3 | June 17 |110, 000,000 | 56,000,000 | 1,000,000 | 20,000,000 | 0.0047 ! 0.0156 | 69. 82 30 
4561 | 3 }.--do-.-..-.|150, 000,000 | 68,000,000 | 10,000,000 | 60,000,000 | .0055 | .0157 | 65.06 35 
4569 | 3 | June 18 | 39,000,000 | 20,000,000 | 1,000,000 | 6,000,000 | .0039| .0124 | 68.73 7 
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Some experiments were conducted during this week to check the cleanliness of the 
routine of the breaking room. For this investigation four samples of eggs in the shell 
were procured—one of clean seconds, one of cracked eggs, and two of dirty eggs. The 
samples, consisting of 12 dozen eggs each, were divided equally into two portions. 
One was broken commercially in the packing house, and the other was opened asepti- 
cally in the laboratory. These comparative experiments, listed in Table 27, not only 
indicate the superior quality of the breaking stock at this season, but also show how 
closely the aseptic methods of the laboratory can be approximated under commercial 
conditions. 

TABLE 27.—Comparative samples of eggs oe commercially and aseptically (D house, 
1912 


aw)e 


{Samples collected June 19, 1912.] 


Bacteria per | Gas- Ammoniacal 

gram on plain Rois nitropen Num- 
: agar incu- INE | yj 4 olin ' 

si Description and | pated at—_ |bacteria eae merbiod. Mois- be Method of 
R o. | Size of sample. er _| per gram ure. | gic. opening. 
- gram in ; ae 
20°C. | 37°C, | lactose Wet | Dry fares 
“lame | iOL1e: basis. | basis. 
Visit No. 3. Per ct.| Per ct. | Perct. 
4572} Cracked, 6 dozen |140, 000) 75, 000 Olwzstwess ee cet 0.0019) 0.0071] 73, 22 2| Commercial. 
4573| 2... ¢ GO seers ces 200 350 Olan ore eeiccet .0018) .0065) 72.09 1} Aseptic. 
4585| Leakers of No. 200 100 Ole es Ce ree - 0019} - .0068} 72.03 0} Commercial. 
4573, 12dozen. ; 
4578 oe seconds, 6 600 300 0} 0in1,000; .0016) .0059) 73.00 0 Do. 
ozen. 

4579lo.. OM eadcoee= 0 0 0 0 in 1,000) .0017 - 0061) 72.13 2| Aseptic. 
4576) Dirty, 6dozen.. 400 400 10 0in 1,000) .0017 - 0065] 73. 85 0} Commercial. 
45771. 25-- GO neers 200 50 0 0in 1,000) .0017 0061} 72, 29 0} Aseptic. 
4581)..... COniweeist 13,000} 3,000 1, 000 2,000} .0017 - 0063) 72. 87 0| Commercial. 
1 USP age COM Seeks ce 150 0 O| | OimtO00!. COLTS O0GL! 72502|52222- Aseptic. 


Visit No. 4 (July 9 to 12). 


During the interval between the third and fourth visits the weather had been warm, 
with the result that the percentage of seconds in receipts increased and many of the 
fertile eggs contained hatch spots or blood rings. A typical heated egg is pictured in 
Plate II, U. S. Department of Agriculture Bulletin No. 51. On account of ineffi- 
cient candling many blood rings found their way to the breaking room, thereby increas- 
ing the difficulties of grading as well as necessitating frequent changes of apparatus. 

This poor work led one to suspect that the candlers might be just as careless in 
throwing away edible eggs as they were in not eliminating the bad eggs. That this 
suspicion was avell founded is shown by the fact that when two cases of discards from 
the candling room were broken one contained 9.7 per cent food eggs and the other 
the astonishingly high percentage of 29.4 per cent. This was too great a loss to be 
passed unnoticed, therefore the candling foreman was instructed to recandle daily 
the eggs discarded by the different candlers. This work was a part of the candling 
room routine for the remainder of the season. 

Up to the present time the girls had worked practically without supervision and 
according to the instructions given them at the beginning of the season. Now, in 
order to train new girls and on account of the increased difficulty in grading, one 
of the cleanest ni most experienced egg breakers was given charge of the room. 
Her duties were as follows: 

1, Enforce instructions to breakers. 

2. Supervise washing and sterilizing of apparatus and supply of same to breaking 
room. 

3. Ifa breaker is dirty, disobedient, unable to grade, or inefficient, consult with the 
management regarding her discharge. 

4. If candling is not satisfactory, report to the management. 

5. Decide on doubtful eggs. 

6. Supervise cleaning of breaking room, toilet room, hallway, and wash room. 

Samples taken during this visit and also those taken by an employee of the plant 
during the investigator’s absence showed practically no change in the bacterial count 
or the amount of ammoniacal nitrogen of the commercial product. Previous work on 
hatch-spot eggs proved them to be nearly sterile when opened aseptically and to con- 
tain low quantities of ammoniacal nitrogen. Therefore one would not expect that the 
presence of a large percentage of these eggs in the breaking stock would materially 
affect either its bacterial content or its chemical composition. 
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Visit No. 5 (July 29 to August 2). 


The fifth series of observations was made when, owing to a prolonged period of hot 
weather, there was an increased supply of eggs for breaking. Many of the eggs were 
distinctly lower in quality than the breaking stock previously used. The regular 
candling room was not large enough to handle all the eggs, therefore an auxiliary 
candling room was established in one corner of a storeroom. Not being refrigerated, 
it was very hot. To take care of the extra supply of eggs, new candlers were required. 
From this fact, together with the increased difficulty in grading such low quality 
eggs, 1t could be predicted that large numbers of bad eggs would not be detected and 
would therefore gain access to the breaking room. 

An observation made in the breaking room showed that 41 bad eggs, or 9.5 per cent, 
were found in a total of 36 dozen. These should all have been eliminated by the 
candlers. An analysis of the 41 eggs showed that they consisted of 2 eggs containing 
mold spots, 6 blood rings, 13 white rots, and 20 eggs with an adherent yolk. 

The effect of so many bad eggs in the breaking-room stock is shown by the fact that 
the product broken from the lot of 36 dozen eggs contained 20,000,000 organisms per 
gram. 

An investigation in the candling room showed that the trouble was chiefly ignorance 
on the part of the new candlers. By working with them for a short time and pointing 
out which eggs should be saved and which discarded the number of bad eggs in the 
breaking stock was promptly reduced. 

In order to put a check on the work of individual candlers, each man was instructed 
to place a tag bearing his name on every bucket of eggs candled by him. Under this 
system the work of an individual candler could be traced into the breaking room. 
Under this regulation the men worked more cautiously, and as long as this system was 
in use the work in the candling room was greatly improved. 

The girls in the breaking room, now 14 In number, were doing efficient work under 
the supervision of the new forewoman. The organization previously described, 
including a forewoman, had been in operation about two weeks. During this time the 
increased efficiency in the breaking room was equivalent to the wages of the 
forewoman. 

Up to this time one-half of the girls had their egg supply on the left instead of on 
the right side; observations with a split-second stop watch showed that 1.8 seconds 
were lost for every four eggs broken when a girl reached for her eggs with her left 
rather than with her right hand. 

Estimating these results on the basis of a 10-hour day, a girl reaching to the right for 
the eggs could break 1.4 more cases a day than she could when working toward the 
left. In accordance with these results, all the apparatus on the breaking table was 
rearranged so that no extra motions were made from the time the egg was removed 
from the pail until it reached its final container. 

The majority of the commercial samples taken during the latter part of July con- 
tained not only more bacteria but also more loosely bound nitrogen than did any pre- 
vious series of samples. For instance, the five specimens of mixed eggs collected 
during the investigator’s absence and the five collected during visit No. 5 had, as 
given in Table D-II, visit No. 5 (Appendix), an average count of 1,400,000 organisms 
per gram as compared with 650,000 in the samples taken during the first half of the 
month. The white and yolk samples showed an even greater increase in bacteria. 

During this visit there was received one shipment of 72 cases of checks which showed 
a combined loss in the candling and breaking room of 14.6 per cent. The bacterial 
findings given in Table 28 showed that the product from these eggs had a materially 
higher bacterial content than the regular product. Many of the eggs were moldy. 
They were obtained from a shipper who hed gradually sorted them out of his receipts 
as unsuited for shipping and had therefore sold them to an egg-breaking establish- 
ment. 


TABLE 28.—Commercial samples of low quality, cracked eggs (D house, 1912.) 


Bacteria per gram | Gas-pro- | Ammoniacal 
on plain agar in- | ducing | nitrogen (Folin 


Sample} Description and size of mete at cubated at— bacteria method). Moist- 
No. sample. Hi SD icra amare Ce ele ee Ee: 
© 20°C 37° GC in lactose] Wet Dry 
. z bile. basis. | basis. 
Visit No. 5. 


Per ct. \ Per ct..| Penict 
4855 | Cracked eggs, 125 pounds....| July 29 | 6,000,000] 5,500,000} 100,000) 0.0023} 0.0075) 69.19 
A856 )|\seee Ty AI eh ga ene Saleen doin: A, 800; 000| 4,000; 000) ° 100; 0002! 4 il eee z 
4886 | Cracked eggs, 100 pounds....{ Aug. 1 | 5,400,000} 4,300,000} 100,000) .0017|. .0062| 72.69 © 
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A second shipment of checked eggs, which had been in commerce, as was the other 
shipment cited, but obtained from a different shipper, gave similar results. The 
product was of lower quality than the average output of this house; hence the pur- 
chase of such eggs was promptly discontinued. 


Visit No. 6 (August 19 to 24). 


The sixth and last visit was made when, owing to the lateness of the egg-laying 
season, the receipts were very light. 

The candlers had become careless because the tag system of checking had been 
abolished when the force was decreased. The work of the breakers, however, was 
as good as during the last visit, because the organization and routine of the breaking 
room was not changed even though the number of girls had been reduced. 

The quality of the breaking stock had not improved, consequently the counts of 
samples procured on the fifth and sixth visits were practically the same; the average 
count of the 10 samples of mixed egg taken the latter half of July was 1,400,000 per 
gram; of the same number of samples collected during the visit under discussion, it 
was 1,700,000 organisms per gram (Table D-II, Appendix, p. 96). 

During this visit a gravity type trough separator for whites and yolks was tried. 
This device did not prove mechanically successful for separating warm-weather eggs. 
Samples of white and yolk separated by the trough method, both during its experi- 
mental stage and after its perfection, gave the counts listed in Table 29. If the results 
under visits 2 and 5 be comnared with the counts for similar periods in Table D-III 
(Appendix, p. 98), which gives whites and yolks separated by the shell method, it wili 
be observed that in all cases there are fewer bacteria in the samples separated by the 
trough method. This is particularly true of the number of B. coli. 


TABLE 29.—Commercial samples of whites and yolks—Trough method of separation 
(D house, 1912). 


~ Bacteria ue? Arintunipeal 
gram on plain | Gas-pro- nitrogen 
Date of | 83 incubated Hociae (Folin 
Sample rc : at— bacteria | M™metnod). | Mois- 
No. Description and size of sample. cones per gram Ganet 
mel wet | Dey 
° ° ile. e ry 
20° C. | 37° C. basis. | basis. 
Visit No. 2.. 
Per ct.| Per ct.| Per ct. 
4403 | Whites, seconds, 15 pounds.........| May 27 |11,600 150 10 |0.0004 |0.0031 | 87.10 
4404 | Yolks of No. 4403, 15 pounds.....-.)... dOese= 11,200 400 110 | .00383 | .0072 | 54.15 
Visit No. 5. 
4861 | Whites, seconds and cracked eggs, 

TOE Re tis 2 aie ee ge ae July 29 320,000 |190, 000 215 QOD eine oe alee seater ees 
4862 | Yolks of No. 4861, 20 pounds.......|.-- dozees 2100,000 |150, 000 21,000 | .0030 | .0068 | 56.05 
4868 | Whites, seconds, 13 pounds.........| July 30 |?360,000 |830,000 | 21,000 |.......|...-...]....... 
4869 | Yolks of No. 4868, 11 pounds.......|..- (0 Ko eee 2110,000 | 90,000 }20in100 | .0037 | .0083 | 55.42 

Visit No. 6. ; 

41005 | Whites, seconds, 25 pounds.........| Aug. 19 | 27,000 | 22,000 1000) ES sce eagerness aes 
41006 | Yolks of No. 41005, 15 pounds......|.-. Goi 300, 000 |180, 000 1,000 | .0029 | .0067 | 56. 66 
41011 | Whites, seconds, 18 pounds.........|...do..... 600, 000 |650, 000 0 | .0003 | .0023 | 86.96 
41012 | Yolks of No. 41011, 13 pounds....-.-.)... Gotan: 650,000 |600, 000 0 | .0030 | .0065 | 53.64 
41026 | Whites, seconds and cracked eggs, 

20) Cia EO ee Aug. 20 |490,000 |360, 000 1 OOO: (Rise: sas ih ae ee 
41027 | Yolks of No. 41026, 30 pounds...... |- 36 Se552 800, 000 |650, 000 10,000 | .0027 | - 0075 | 64. 06 


1 Comparable figures obtained by the shell method of separation (Table D III, p. 98, Appendix) vary 
oa ees to 950,000 bacteria in the yolks and from 60,000 to 1,500,000 in the whites, B. coli varying from 
o 10,000. 
2 Comparable figures from the same source show a maximum bacterial content of 650,000 for the whites, 
ai for the yolks, and from 100 to 1,000,000 B. coli—a pronounced superiority of the trough-separated 
product. 


By the shell method the egg, during the shifting of the yolk from one half shell to 
the other, is sure to come in contact with the fingers of the breaker and the outside 
of the shells, both of which, as foregoing statements have proved, are serious sources 
of contamination. By the trough method the egg, on the other hand, comes in con- 
tact with practically nothing except the cup and separator, both of which can be kept 
clean by frequent sterilizing. 
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Tasie F-II.—Commercial samples of dried yolk before and after secondary drying, 1912. 
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Fic. 1.—ONE DROP OF WATER FROM A Fic. 2.—ONE DROP OF WATER FROM SAUCER 
SAUCER WASHED IN RUNNING WATER SHELF. (REPRINT FROM CIRCULAR 98, 
AFTER RECEIVING A BAD_Ea@G. (REPRINT BUREAU OF CHEMISTRY.) 

FROM CIRCULAR 98, BUREAU OF CHEM- 
ISTRY.) 


Fia. 3.—ONE Drop oF “‘ DRIP”? FROM TRAY Fic. 4.—FINGER TIPS OF BREAKER 
(B HOUSE). (B HOUSE). 
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Fia. 1.—EDGE OF WASHED TUMBLER 
(C HOUSE). 


Fic. 2.—FINGER TIPS OF BREAKER 
(C HOUSE). 


Fic. 3.—WASHED FINGER TIPS AFTER 
CRUSHING TANNERS’ EGG. 
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Fig. 1.—ONE DROP OF WATER FROM A Fig. 2.—ONE DROP OF WATER FROM A 
WASHED PAIL (E House). CLEAN PAN (E House). 


Fic. 3.—ONE DRoP OF WATER FROM SINK FIG. 4.—FINGER TIPS OF BREAKER 
(E House). (E HOUSE). 
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PLATE V. 


BREAKING ROOM WITH EQUIPMENT AFTER REMODELING (E House, 1912), 
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Bul. 224, U.S. Dept. of Agriculture. 
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Bul. 224, U. S. Dept. of Agriculture. PLATE VIII. 


FiG. 1.—E@G-BREAKING EQUIPMENT ON TABLE (F House, 1912). 


Fig. 2.—ViIEW OF EGG-BREAKING ROOM SHOWING TABLES AND CHURN (D House, 
1911 AND 1912). | 
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Bul. 224, U. S. Dept. of Agriculture. PLATE XI. 


Fic. 2.—WINDOW FOR TRANSFERRING APPARATUS BETWEEN BREAKING ROOM AND 
STERILIZING Room (F House, 1912). . 


Bul. 224, U. S. Dept. of Agriculture. PLATE XII. 


Fig. 1.—VIEW OF STERILIZING ROOM SHOWING STERILIZER, CAN CHUTE, AND WINDOW 
FOR TRANSFERRING APPARATUS (F House, 1912). 


Fia. 2.—VIEW OF STERILIZING ROOM SHOWING SINK, DRAIN RACK, AND MoToR-DRIVEN 
BRUSHES (F House, 1912). 
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Fic. 1.—FREEZER FOR CANNED Eaacs (D House, 1912). 


Fia. 2.—TRAY FOR LEAKING EGGS. 


